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ABSTRACT 
 
ASHLEY LAND SCHOENFISCH: The injury experience of union drywall carpenters in 
Washington State, 1989-2008  
(Under the direction of Dr. Steve Marshall) 
 
Despite research over the past 15 years addressing patterns of injury among drywall 
installers, work remains to understand the health of these workers and guide the development of 
targeted injury prevention strategies.  The purpose of this study was to describe the incidence of, 
and circumstances surrounding, work-related injuries among drywall carpenters, and examine 
potential care shifting between two systems:  workers’ compensation and private insurance. 
 
Using data from the Carpenters Trusts of Western Washington and the Washington State 
Department of Labor and Industries, we defined a 20-year (1989-2008) cohort of 5,073 union 
drywall carpenters, their 37 million union work hours in Washington State, their workers’ 
compensation claims and their union-provided private health insurance claims.  Data were linked 
at the level of the worker using an encrypted identifier.  Rates of work-related injury and health 
care utilization were examined by worker characteristics and over calendar time.  Brief narratives 
were used to gather additional injury event details, and qualitative data gathered through 
interviews with substantive experts provided contextual details.  
 
Drywall installers’ rate of work-related injury was higher than that of other carpenters, and 
rates among both groups declined over calendar time.  Drywall material was identified as a 
contributing factor to the injury in one-fifth of injury events.  Common mechanisms were struck 
by/against, overexertion and falls.  In contrast to patterns observed in the workers’ compensation 
claims data, the rate of private health care utilization for musculoskeletal back conditions has 
iv 
 
been increasing since the mid-1990s.  Higher rates of health care utilization were observed for 
drywall carpenters with at least one work-related injury (versus no injury). 
 
The observed decline over time in drywall installers’ rate of work-related injury is 
encouraging.  However, the extent to which this pattern reflects a true reduction in the injury rate 
is unclear.  For musculoskeletal back conditions, care for work-related conditions may be being 
covered through the private health insurance system.
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CHAPTER 1 
 
INTRODUCTION 
 
Overview 
 
Construction workers involved in drywall installation are at high risk of work-related injury.  
A study of union carpenters in Washington State reported overall workers’ compensation (WC) 
claim rates among drywall installers that were 25 percent higher than rates among carpenters in 
all trades combined [Lipscomb HJ, et al. 2000].  Studies have documented a considerable risk of 
overexertion, fall-related and struck-by injuries among drywall installers [Chiou SS, et al. 2000, 
Lipscomb HJ, et al. 2003a, Lipscomb HJ, et al. 2008, Lipscomb HJ, et al. 2000, Lipscomb HJ, et 
al. 2003d].  Despite progress over the past 15 years in understanding injuries among construction 
workers involved in drywall installation, work remains to understand the health of these workers 
and guide the development of effective interventions targeted at the prevention of injuries in this 
high-risk trade.  
 
This research used data from a historical, dynamic cohort of union carpenters in 
Washington State from 1989 through 2008 to define a group of carpenters involved in drywall 
installation work. These data were available from union eligibility and membership files, WC 
claims files, a work-related medical claims file and a private health insurance claims file.  In 
addition to allowing us to define a cohort of drywall installers, these data provided the opportunity 
to calculate rates of work-related injury using a well-defined denominator and examine utilization 
of health care covered through the workers’ union-provided private health insurance.  Interviews 
with workers with experience in drywall installation provided information on work-related 
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exposures and the context from which the injury rate data arose.  These qualitative methods were 
guided in part through direct observation of drywall installation work on construction sites.  
 
The study addresses research goals recently set forth by the National Occupational 
Research Agenda’s (NORA) Construction Sector Council [NORA Construction Sector Council 
2008] to reduce injuries associated with falls (Strategic Goal 1.0) and struck-by hazards (Strategic 
Goal 3.0), as well as to reduce the incidence and severity of work-related musculoskeletal 
disorders among construction workers (Strategic Goal 7.0).  Furthermore, interviews with trade 
experts included the sharing of research results, supporting the National Institute for Occupational 
Safety and Health’s (NIOSH) Research to Practice (r2p) initiative to share and translate research 
findings.   
 
Over the 20-year study period, 5,073 carpenters were affiliated with a union local whose 
predominant type of work was drywall installation.  These workers contributed 36.7 million hours 
of union work and filed over 6,000 WC claims.  The scope of this cohort, in terms of both its size 
and available sources of data, facilitated the most comprehensive research to date on 
occupational injuries and illnesses among drywall installers.   
 
Overall objectives and specific aims 
 
The purpose of this study was to enhance the body of scientific knowledge on work-related 
injuries among carpenters involved in drywall installation.  First, we sought to describe the 
incidence of and circumstances surrounding work-related injuries among drywall carpenters using 
a well-defined cohort of union carpenters in Washington State from 1989 through 2008, 
identifying trends over time and high-risk subgroups of workers.  Three primary research aims 
associated with this study objective were: 
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• Stratified by the type of work performed (drywall installation versus other types of 
carpentry), quantify rates of overall injury, paid lost work day(s) injury, and drywall 
material-related injury. Quantify injury rates by year and describe characteristics of 
injuries (body site affected, nature, event, source, paid lost time) and injured workers 
(age, gender, time in the union). 
 
• Calculate injury rate ratios comparing rates of these three injury outcomes (overall injury, 
paid lost work day(s) injury, and drywall material-related injury) overall and over time by 
predominant type of work performed (drywall installation versus other types of carpentry), 
worker age and worker time in the union. Perform stratified analyses as needed by 
characteristics of the injuries (body site affected, nature, event, source, paid lost time) 
and workers (age, gender, time in the union). 
 
• Describe injury event details through an analysis of injury narrative text data to 
investigate factors contributing to the injury, with an emphasis on identifying injuries 
related to drywall material and possible preventive factors. 
 
Additional work was aimed at enhancing the understanding of drywall installers’ use of health 
care covered through union-provided health insurance for musculoskeletal conditions of the back.  
Analyses were performed to quantify health care trends over time (1989 through 2008) and 
explore potential care-shifting between the WC and union-provided health insurance systems.  
The specific aims associated with this study objective were: 
 
• Stratified by the type of work performed (drywall installation versus other types of 
carpentry), quantify health care utilization rates for musculoskeletal conditions of the back 
by year, as well as by worker age, gender and time in the union. 
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• Calculate injury rate ratios comparing health care utilization rates for musculoskeletal 
conditions overall and over time by predominant type of work performed (drywall 
installation versus other types of carpentry), worker age, gender and time in the union. 
 
• Among drywall installers, calculate rate ratios contrasting health care utilization rates by 
whether a previous work-related overexertion back injury was sustained and by time 
since a prior work-related overexertion back injury. 
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CHAPTER 2 
 
BACKGROUND 
 
Occupational health and safety in the construction industry 
 
The construction industry is one of the largest industries in the nation, currently 
employing about 5.6 million workers or roughly 8% of the national workforce across a variety of 
trades [Bureau of Labor Statistics. US Department of Labor 2011a,b, The Center for Construction 
Research and Training 2007].  Compared to the national workforce, construction workers are 
younger (39 versus 41 years), predominantly male (90% versus 54%), and more likely to be 
foreign-born (22% versus 15%) [The Center for Construction Research and Training 2007].  
 
Workers in the construction industry are at high risk for a variety of adverse health 
outcomes, notably traumatic injuries, musculoskeletal injuries, and chronic and fatal illnesses 
[Ringen K, et al. 1995].  Compared to their working counterparts in other major United States 
(US) industry sectors, construction industry workers had the highest number (751) and fourth 
highest rate (9.5 per 100,000 workers) of deaths in 2010 (preliminary) based on data from the 
Bureau of Labor Statistics’ Survey of Occupational Injuries and Illnesses (BLS’ SOII) [Bureau of 
Labor Statistics. US Department of Labor 2011c].  Fatal injuries are often characterized as 
resulting from falls, electrocution, transportation incidents, or contact with an object or equipment 
[Kisner SM and Fosbroke DE 1994, The Center for Construction Research and Training 2007].  
Nonfatal injuries are often described as resulting from contact with an object or equipment, falls or 
overexertion [Courtney TK, et al. 2002, Kisner SM and Fosbroke DE 1994, Schoenfisch AL, et al. 
2010, The Center for Construction Research and Training 2007].  Considerable variability in fatal 
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and nonfatal injury rates between construction occupations in the industry have been observed 
[The Center for Construction Research and Training 2007], undoubtedly reflecting variations in 
job tasks.   
 
Reports based on data from the BLS or WC claims suggest there have been declines in 
rates of work-related injuries and illnesses in the US construction industry (and in the US 
workforce overall) since the early 1990s.  The BLS and Department of Labor have attributed the 
declines to safer workplaces [Chao EL 2000, Occupational Safety and Health Administration 
2000].  Accordingly, in the late 1980’s there was increased attention to construction workplace 
safety [Welch LS, et al. 2007].  Large construction owners began to pre-qualify bidders based, in 
part, on safety and health performance.  In addition, WC costs began to rise dramatically.  A 
focus to win bids and control the high costs associated with work-related injury brought new 
attention to injury management and return-to-work programs during this time.  In addition, during 
the 1990’s, regulatory efforts were aimed at preventing injuries from falls, notably the 1991 
vertical fall protection standard for the construction industry in Washington State and the national-
level revised Safety Standard for Fall Protection by the Occupational Safety and Health 
Administration (OSHA) in 1994.   
 
Despite these encouraging efforts to enhance workplace safety over the past several 
decades, it has also been suggested that the observed declines may be attributed, in part, to 
factors other than improved workplace safety.  These factors include major changes in OSHA’s 
recordkeeping requirements toward a generally more exclusive definition of “recordable case” 
[Friedman and Forst 2007].  Under-reporting of work-related injuries by employees and 
employers has been documented as well [Government Accountability Office 2009, US House of 
Representatives June 2008].   Although some of the under-reporting may stem from unintentional 
recordkeeping errors (e.g., due to a lack of understanding of the requirements and changes), 
there have been considerable changes over the past few decades that are likely to have 
increased intentional under-reporting by employers and the use of incentives offered to 
7 
 
employees who do not report, including efforts to bid competitively, contain workers’ 
compensation costs and avoid targeted regulatory inspections [Government Accountability Office 
2009, US House of Representatives June 2008, Welch LS, et al. 2007].  A US Government 
Accountability Office study suggests even occupational practitioners have been pressured by 
employers to practice in a way that leads to under-reporting of work-related injuries [Government 
Accountability Office 2009].  Employees may have intentionally under-reported injuries as well, 
given incentives to not report and fear of potential consequences of reporting (e.g., reduced 
hours, job loss) [Azaroff, et al. 2002, Pransky G, et al. 1999, Shannon HS and Lowe GS 2002, 
The Center for Construction Research and Training 2007].   
 
Construction industry research challenges and progress  
 
Much of our understanding of nonfatal injuries and illnesses in the construction industry 
come from large national databases and state-level resources, particularly BLS’ SOII and WC 
claims.  These data have been used to highlight trends over time, injury characteristics, and 
worker and workplace characteristics associated with higher risk of injury.   
 
These data sources have limitations, however, that pose challenges to their use in 
epidemiologic research of work-related injuries and illnesses needed to guide prevention efforts.  
A number of reports suggest estimates based on the BLS’ SOII tend to undercount nonfatal 
injuries to workers in the US [Azaroff, et al. 2002, Boden and Ozonoff 2008, Leigh, et al. 2004, 
Rosenman, et al. 2006].  These data are marked by under-reporting of injuries by employees and 
under-recording of injuries by employers, they are restricted to private industry cases, and they 
exclude smaller workgroups and self-employed workers.  Under-reporting of work-related injuries 
to WC contributes to an under-count of the true burden of work-related injuries as well.  In 
addition to reporting barriers presented earlier, some work-related conditions - particularly those 
of a chronic or slow-developing nature like musculoskeletal conditions [Blessman JE 1991] - may 
not be recognized as work-related. 
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Research suggests WC compensates under half of the total costs associated with work-
related injuries among construction industry workers [Dong X, et al. 2007].  Medical care and 
costs associated with work-related musculoskeletal conditions may be covered instead by private 
medical insurance, government social service agencies, or the worker themselves [NORA 
Construction Sector Council 2008] [Koehoorn M, et al. 2006, Lipscomb HJ, et al. 2009a, 
Lipscomb HJ, et al. 2009b].    
 
In addition to providing an under-count of work-related injuries and illnesses, additional 
limitations of currently-available sources of occupational injury and illness data hamper health 
and safety research efforts, including inconsistency over time and geographic regions, 
incomparability between data sources, a lack of detailed industry or occupational identifiers, a 
lack of post-injury experience data, a lack of appropriate denominator data, and a lack of data 
access and linkage [The Center for Construction Research and Training 2007].   
 
Construction occupational safety and health research challenges also stem from the 
organization of work in the industry.  A large proportion of construction workers are self-
employed, and small groups of workers are common.  These two characteristics are particularly 
salient to research using data from the BLS’ SOII which, as was noted, excludes smaller 
workgroups and self-employed workers.  Also, construction industry workers work, on average, 
less than 40 hours per week or 2,000 hours per year.  From 2006 through 2010, average weekly 
hours ranged between 36.5 and 38.5 [Bureau of Labor Statistics. US Department of Labor 
2011a].  Calculating injury rates based on the assumption that each worker contributes 40 hours 
per week (or 2,000 hours per year) may not provide an accurate depiction of injury rates [Ringen 
K, et al. 1995].  An overestimation of the time at risk (particularly in combination with an under-
count of the number of injuries or illnesses) would lead to an underestimation of injury rates.   
 
9 
 
Workers in the construction industry face frequent change between work projects and 
employers.  A worker may be employed on a particular project for a few days (e.g. painting a 
house) to a few years (e.g., work on a large commercial project) and then move on to a new 
project.  Even within a single project, a worker may be responsible for several different 
assignments and is often required to be mobile on the worksite.  Over the course of the 
construction project, the worksite itself changes, both physically and in terms of other workgroups 
on site.  All of these characteristics can present challenges to the collection of exposure and 
outcome data.  
 
Several approaches have been taken to address research needs in the construction 
industry while overcoming some of the challenges described.  Cross-tabulations of various injury 
characteristics (often based on American National Standards Institute (ANSI) or Occupational 
Injury and Illness Classification System (OIICS) coding), including injury mechanism, nature of 
injury, body part, and source from which energy was transferred, has been used to gather a more 
detailed understanding of circumstances surrounding construction industry injuries [Chiou SS, et 
al. 2000, Hsiao H and Stanevich RL 1996, Lipscomb HJ, et al. 1997, Lipscomb HJ, et al. 2003a, 
Lipscomb HJ, et al. 2003d].  While informative, this approach is still rather crude.  For example, 
for an injury with a mechanism of fall from elevation, the source of injury is coded as the object to 
which the person fell (i.e., floor).  In terms of informing injury prevention efforts, knowledge of 
whether the worker was handling materials and the type of surface from which (s)he was working 
may be more insightful.  Also, use of broad categories in the cross-tabulations may still not 
provide information on noteworthy differences by construction trades. 
 
Injury narratives are another source of construction-industry injury event information, and 
they have been used to identify outcome events not captured through code-based methods, as 
well as to provide additional detail surrounding the injury event circumstances [Baggs J, et al. 
2001, Bondy J, et al. 2005, Dement JM, et al. 2003, Lipscomb HJ, et al. 2003b, Lipscomb HJ, et 
al. 2004, Shah S, et al. 2003, McKenzie, et al. 2010].  However, this approach can be timely and 
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is limited by inconsistencies in the types and amount of information recorded in the text fields.  
Even if narratives were complete in their ascertainment of event details, it is important to 
recognize they only provide information on injury events.  That is, they inherently lack information 
on the exposure of the population at risk to various hazards.   
 
Active injury surveillance efforts have also been undertaken to better understand the 
injury experience, and particularly the post-injury experience, of construction industry workers.  
From 1999 through 2002, Lipscomb et al. conducted an active injury surveillance project in St. 
Louis, Missouri among workers in the United Brotherhood of Carpenters and Joiners of North 
America [Lipscomb HJ, et al. 2003a, Lipscomb, et al. 2003c, Lipscomb HJ, et al. 2003d].  
Contractors agreed to report all OSHA-recordable injuries to the project office, and the local trust 
provided hours of time at risk for each worker, allowing for the calculation of injury rates.  
Research staff contacted injured workers to participate in a telephone interview to gather details 
about their injury experience, and focus groups with injured workers provided contextual detail of 
the work done and safety practices in place.  Visits to work sites at which the injuries occurred 
gave insight into safety measures in place on construction worksites. Despite its strengths, this 
research approach was costly and time-consuming, and the reporting of injuries to the project 
office was not always prompt.   
 
To address the potential coverage of medical care associated with work-related 
musculoskeletal conditions by sources other than WC, a recent study of Washington State union 
carpenters examined patterns over time in rates of musculoskeletal back disorders as captured 
through the WC and union-provided health insurance systems from 1989 through 2003 [Lipscomb 
HJ, et al. 2008b, Lipscomb HJ, et al. 2009a].  WC claim rates declined over the time period, while 
private health care utilization rates increased.  Such ecologic findings support a lack of 
independence between these two systems of health care coverage [Lipscomb HJ, et al. 2009a].  
Additional work on the same cohort provided evidence of overlap in WC-based and private health 
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insurance-based care systems, including cost-shifting from the WC system to both the union-
provided health insurance system and the injured worker [Lipscomb HJ, et al. 2009b].   
 
Construction workers involved in drywall installation 
 
This research is focused on workers who install drywall - a sparsely-studied construction 
industry trade at high risk for work-related injuries.  In 2005, drywall installers made up about 
2.1% of workers in the construction industry [The Center for Construction Research and Training 
2007].  Work tasks related to drywall installation, which can occur on residential or commercial 
worksites, are physically demanding and hazardous.  Drywall installers must lift and carry drywall 
sheets from their location on the work site to the work area.  Drywall sheets are made up of a 
layer of gypsum, usually 1/4 inch to 1 inch thick, between two layers of paper.  They come in 
standard sizes, typically 4 feet by 8, 12 or 16 feet, and their weight typically ranges from 50 
pounds to over 200 pounds per sheet, depending on the size and material.  Drywall installers 
measure and cut the drywall using knives or saws prior to positioning it, so that it can 
accommodate doorways, windows, other openings or fixtures, and electrical outlets.  Finally, they 
lift, secure and hang the drywall sheets into place.  Electrical screw guns are typically used to 
attach drywall sheets to a ceiling or wall.  
 
Drywall installation work may take place while on an elevated surface (often with limited 
space), near unguarded openings, in cluttered work areas. Furthermore, work may occur in close 
proximity to workers in other trades and their materials, including electricians, framers or painters.  
For work at height, drywall installers may use assistive devices such as ladders or scaffolds.  
Assistive devices have been designed to transport and hold drywall sheets, such as dollies/carts, 
carriers, and lifts.  A more detailed description of activities involved in drywall installation, 
presented by Pan et al. (1999a), is summarized in Figure 2.1 [Pan CS, et al. 1999a].   
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Drywall installers’ occupational safety and health 
 
Construction workers involved in drywall installation are at high risk of work-related injury 
compared to their industry counterparts [Chiou SS, et al. 1997, Lipscomb HJ, et al. 2000].  
Research of union carpenters in Washington State from 1989 through 1995 reported overall WC 
claim rates among drywall installers of 53.3 per 200,000 hours worked, 25% higher than rates of 
WC claims among all carpenters in the cohort [Lipscomb HJ, et al. 2000].  Compared to 
carpenters in other types of work, drywall carpenters in this cohort have exhibited higher rates of 
sprains to the back, back/neck combined and ankle [Lipscomb HJ, et al. 1997], as well as 
overexertion-related back injuries [Lipscomb HJ, et al. 2008a, Lipscomb HJ, et al. 2008b]. 
 
Using injury data from BLS’ Supplementary Data System in conjunction with data from 
the US Department of Labor and Commerce, drywall installers had the fourth highest rate of 
work-related nonfatal injury (27.5 injuries per 100 workers) among all construction occupations 
[Hsiao H and Stanevich RL 1996].  In addition, in an analysis of drywall installers’ injuries with 
days away from work based on the BLS’ SOII, Chiou et al. (1997) estimated rates of 7.7 and 5.4 
per 100 workers in 1992 and 1993, respectively.  These rates were higher than those for all 
construction occupations combined [Chiou SS, et al. 1997].   
 
Based on BLS data, rates of nonfatal injuries with days away from work among drywall 
installers exhibited a downward trend from 7.2 per 100 full-time workers in 1992 to 2.6 per 100 
full-time workers in 2000, while rates of fatal work-related injuries among drywall installers varied 
little during this time period [National Institute for Occupational Safety and Health 2004].  More 
modest declines in work-related injury rates were observed among union drywall carpenters in 
Washington State based on WC claims data, from a high of 58.5 injuries per 200,000 worker-
hours in 1989 to a low of 46.2 per 200,000 worker-hours in 1994 [Lipscomb HJ, et al. 2000]. 
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In line with drywall installers’ job tasks, studies have consistently documented struck 
by/against, overexertion and falls as common mechanisms of injury among drywall installers 
[Chiou SS, et al. 1997, Chiou SS, et al. 2000, Hsiao H and Stanevich RL 1996, Lipscomb HJ, et 
al. 2003a, Lipscomb HJ, et al. 2008, Lipscomb HJ, et al. 2000, Lipscomb HJ, et al. 2003d, 
Lipscomb HJ, et al. 2003e].  However, these common injury characteristics are the same as 
those seen across the construction industry as a whole.  Thus, simply knowing the event or 
exposure leading to injury may not be sufficient to inform effective targeted prevention efforts, 
since the work environment and job tasks likely differ by trade. 
 
As noted, the elevated injury incidence among drywall installers may be attributed, in 
part, to their exposure to handling building materials, predominantly drywall [Chiou SS, et al. 
1997, Chiou SS, et al. 2000, Lipscomb HJ, et al. 2003a, Lipscomb HJ, et al. 2000].  Drywall has 
been noted as contributing to a considerable proportion of overexertion injuries, but it also 
contributes to fall-related injuries.  In a video analysis of drywall lifting techniques, Pan and Chiou 
(1999a) documented considerable biomechanical stresses incurred during drywall lifting [Pan CS 
and Chiou SS 1999a].  It is of note that these researchers considered drywall sheets of weights of 
60, 80 and 100 pounds; drywall sheets of over 150 pounds are used on residential and 
commercial sites today.  These same researchers also conducted a study to identify drywall 
hanging tasks perceived to be most hazardous by workers [Pan CS, et al. 1999b].  In their study, 
sixty union carpenters from West Virginia with at least 6 months of drywall hanging experience 
completed a NIOSH-developed questionnaire.  Hanging drywall on the ceiling was perceived to 
have the most fall potential, highest amount of physical stress, and greatest struck by/against 
risk.  Lifting, carrying, and holding drywall sheets were perceived to be the most physically 
stressful tasks.  The neck, shoulders, and back (upper and lower) were reported to be the body 
sites most affected by physical stress.  Stilts (often used in taping/finishing work) were perceived 
to be the most hazardous assistive equipment in terms of physical stress and fall potential.  
Struck by/against risks were perceived to affect the head the most, and considerable risk to the 
wrists/hands was perceived for upper/lower wall work.  
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Research of worker characteristics associated with work-related injury among drywall 
installers is sparse but suggests patterns of injury by worker characteristics may vary by 
mechanism of injury.  In a study of union drywall carpenters in Washington State from 1989 
through 1995 [Lipscomb HJ, et al. 2000], struck-by injury rates decreased with increasing age 
and time in the union.  Overexertion injuries were higher among workers in the latter years of their 
apprenticeship.  Finally, the rate of falls increased with increasing age, a finding in contrast to that 
observed among construction industry workers overall [Shishlov KS, et al. 2010].   
 
In the US, the size of drywall sheets has increased over time from 4-by-8 feet to 4-by-16 
feet over the time period of this study.  Larger sheets provide the advantage of potentially 
reducing the amount of taping, sanding and finishing work that needs to be performed (often by 
painters, not drywall installers).   It is unclear how the change in sheet size has changed work 
patterns over time among installers.  The heavier loads could increase their rate of injury if they 
are handling drywall sheets on their own.  Such increased loads could also require a worker to 
use an assistive device or recruit assistance from co-workers if the larger size cannot be feasibly 
handled by one worker alone, thus distributing the load across more than one worker.  
 
Summary of research needs 
 
Drywall installers are documented to be at high risk of work-related injury compared to 
other workers in the construction industry, yet there is little research specific to these workers, 
particularly over a long time span during which known changes in the industry have occurred.  
They are a difficult workgroup to study.  They cannot always be defined in currently-available 
sources of construction industry work-related injury and illness data.  Also, they work in small and 
mobile workgroups on frequently-changing projects, posing difficulties in terms of the collection of 
exposure and outcome data.   
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Specifically, research focused on understanding the circumstances surrounding injury 
events, with emphases on injuries related to drywall material and changes in work practices over 
time, is needed.  An understanding of worker characteristics associated with injury rates is also 
needed, as these characteristics may be strongly related to direct work exposures.  Additional 
circumstantial details may also point to specific areas of needed intervention.  Finally, there is the 
potential for additional sources of health outcome measures, such as private health insurance 
claims data, to provide a more complete picture of drywall installers’ health [Koehoorn M, et al. 
2006, Lipscomb HJ, et al. 2009a, Lipscomb HJ, et al. 2009b].  Research focused on the use of 
health care services among construction industry workers is limited, and no known studies have 
focused specifically on the use of medical care covered through private health insurance among 
drywall workers.   
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CHAPTER 3 
 
RESEARCH DESIGN AND METHODS 
 
Rationale and Overview 
 
The goal of this study was to enhance the understanding of work-related injuries among 
construction industry workers involved in drywall installation.  Using a combination of injury 
measures and epidemiologic techniques, this study addresses research needs specific to drywall 
installers’ occupational safety and health and overcomes some of the limitations of prior studies.  
The research addresses some specific goals set forth by NORA’s Construction Sector Council 
[NORA Construction Sector Council 2008], including the reduction of injuries associated with falls 
(Strategic Goal 1.0) and struck-by hazards (Strategic Goal 3.0), as well as to reduce the 
incidence and severity of work-related musculoskeletal disorders among construction workers 
(Strategic Goal 7.0).  It also addressed NORA’s call for research based on more detailed 
information than provided in national surveillance systems.   
 
Work-related injury analyses used data from a historical 20-year cohort of union 
carpenters in Washington State from 1989 through 2008.  Using WC claims data, injury rates 
among drywall installers were compared to those of other union carpenters.  Variations in rates of 
injury by gender, age and time in the union were explored.  Among drywall installers, narratives 
were used to gather a more detailed understanding of circumstances surrounding work-related 
injury events.  Emphasis was placed on the identification of injuries in which drywall material was 
a contributing factor to the injury.   In addition to the use of WC claims data, utilization of health 
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care covered through private health insurance was examined over time to inform the 
understanding of potential care shifting between the WC and private health insurance systems.   
 
Analyses of the surveillance data were supplemented with qualitative data gathered 
through interviews with substantive experts.  Informed in part through direct observation of 
drywall workers on site, qualitative interview data provided information on the context from which 
the injury data arose.  Interviews also provide an opportunity to share rate-based results with 
workers in the trade, including drywall workers, union local business agents, contractors and 
apprenticeship school trainers, thus supporting the NIOSH Research to Practice initiative [NORA 
Construction Sector Council 2008].  Despite the relatively routine nature of job tasks performed 
by drywall installers, understanding task-related exposures is problematic for these workers since 
they tend to work in small groups on frequently-changing worksites.  Our current understanding of 
biomechanical stresses involved in lifting drywall sheets come from the laboratory setting [Pan 
CS and Chiou SS 1999a].  While informative, such data may not accurately reflect real-world 
work situations, in part through its failure to capture currently-used drywall sheets of 4-by-12 and 
4-by-16 feet, how work is divided among workers, assistive devices that are used to aid in task 
completion, and organizational demands, such as working under time constraints.  Thus, the 
interviews were designed to provide an understanding of drywall installers’ work practices and 
how such practices have changed over time.   
 
In the sections that follow, a description of the materials and methods used in this 
research as a whole is presented.  The relevant sections of Chapters 4, 5 and 6 highlight this 
information as well, specific to the research aims on which each Chapter focuses. 
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Data Sources 
 
Source cohort of members of the United Brotherhood of Carpenters and  
Joiners of Western Washington, 1989 - 2008 
 
The main source of existing data for the analyses was a historical cohort of 26,591 
carpenters who were members of the United Brotherhood of Carpenters and Joiners of Western 
Washington, a union in Washington State, between January 1, 1989 and December 31, 2008.  
This dynamic cohort was initially assembled in 1993 and has been updated on three occasions by 
researchers in the Division of Occupational and Environmental Medicine at Duke University 
Medical Center in Durham, North Carolina.  The research team has been assisted over the years 
by the Safety and Health Assessment and Research Program (SHARP) at the Washington State 
Department of Labor and Industries in collaboration with the Carpenters Trusts of Western 
Washington (CTWW).   
 
The source cohort was comprehensive in nature, not only in its 20-year time span but 
also in its available sources of data which include a union eligibility file, a union membership file, 
WC claims, and health care data for work-related and non-work-related conditions.  Each of these 
elements is described in more detail below.  Cohort data were linked at the individual-level and 
contain blind identifiers, assigned originally by the CTWW, for analyses.  Each data source 
contained data from January 1, 1989 through December 31, 2008. 
 
Washington State union eligibility file: These data were provided by the CTWW.  
Monthly data were available for each carpenter on union hours worked and 
eligibility status for union-provided health insurance.  Workers in construction 
unions often have health care coverage based on jointly trusteed health and 
welfare funds, such as the CTWW, in which worker eligibility for benefits is based 
on a required number of hours worked per quarter [Lipscomb HJ, et al. 1996].  
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(Workers are allowed to save up hours to cover future times in which they may 
not be able to work, such as when there is not an adequate amount of available 
work, or when they are out due to disability or sickness [Lipscomb HJ, et al. 
2009b].)  The source cohort was restricted to individuals who worked at least 
three months of union hours.   
 
Washington State union membership file: These data were also provided by the 
CTWW.  Data available for each union member included: date of birth, gender, 
date of union initiation and union local affiliation. 
 
Workers’ compensation claims file:  These data were provided by the 
Washington State Department of Labor and Industries and included information 
on work-related injuries and illnesses for which a WC claim was filed: injury date, 
total days lost from work, costs (for wage replacement, health care, impairment), 
body part affected, nature of the injury, type of event or exposure causing the 
injury, and source of the injury.  These last 4 variables utilized an ANSI-based 
coding scheme from 1989 through June 2005 and an Occupational Injury and 
Illness Classification System (OIICS) coding scheme for July 2005 through 2008.  
In Washington State, an injured worker receives lost time payment after (s)he 
misses three days of work for the injury.  Some of the WC claims were from 
companies that self-insure for WC coverage; these claims are only coded 
(ANSI/OIICS) in the Washington State Department of Labor and Industries 
system if they resulted in paid lost time away from work. 
 
Workers’ compensation claims’ event narratives:  Event narratives were available 
for a subset of the work-related injuries and illnesses.   
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Work-related medical care files:  These data were also provided by the 
Washington State Department of Labor and Industries.  They capture outpatient 
and hospital care received for work-related injuries captured in the WC claims 
data file.  Data include diagnoses coded using International Classification of 
Disease, 9th revision (ICD-9) codes, procedures coded using CPT codes, 
provider specialty, place of treatment and associated costs.  Medical care claims 
were not consistently available for injuries to workers with self-insured employers 
unless the injury resulted in paid lost time. 
 
Non-work-related medical care (covered through union-provided health 
insurance):  These data were provided by the CTWW.  Data elements were 
similar to those contained in the work-related medical care file. 
 
Direct observation of construction site drywall work 
 
Three site visits were made to commercial construction work sites in Washington State to 
directly observe drywall carpenters at work and contextualized the research.  Identification of 
sites and coordination of visits were made possible through a business agent from the union local 
specializing in drywall installation.  Field notes were hand-written to document what was 
observed, as well as perceptions of and questions related to the observations.  Using a data 
collection form (Appendix), pieces of information collected at each site visit included the type of 
site, workgroup composition, types of materials and equipment available, types of materials and 
equipment used and tasks performed.  No identifying information was collected on workers or the 
work site.   
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Key informant interviews 
 
Key informant interviews with five substantive experts in Washington State were 
conducted to gather information on industry- and trade-specific trends over time and work-related 
exposures, thus providing a context from which the injury rate data arose.  Potential participants 
with a comprehensive understanding of work practices over time were asked to participate 
voluntarily as part of the site visits.  As such, the participants were an informed convenience 
sample.  The interviewees had a range of experience from 20 to more than 40 years in the trade, 
and they included former drywall installers currently serving in supervisory, job assignment or 
training roles.  Interview participation was designed to be anonymous to the best extent possible.  
No efforts were made to link participants to workers in the cohort data.  There was no interest in 
asking workers directly about personal injury experiences or in collecting any personal identifiers.   
 
Interviews followed primarily a structured guide (Appendix) but were guided in part 
through the Washington State construction site visits.  Questions addressed drywall installation 
work exposures, task and safety training, perceived work risks, injury prevention approaches, 
injury experiences (including reporting, health care seeking behavior and return-to-work), and 
management support.  Of particular interest was gathering information on changes in work 
practices over time.  Notably, the interviews included sharing results of the rate-based findings 
with drywall carpenters, supporting the NIOSH Research to Practice initiative to share and 
translate research findings, as highlighted by the NORA Construction Sector Council [NORA 
Construction Sector Council 2008]. 
 
Outcomes 
 
Several outcomes were considered, including overall work-related injuries, work-related 
injuries with paid day(s) away from work, and work-related injuries in which drywall material was a 
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contributing factor.  Additional analyses further restricted work-related injuries to those affecting 
the back and resulting from overexertion.  These injuries were considered to provide a 
comparable comparison to health care utilization for diagnoses of musculoskeletal conditions of 
the back as covered by union-provided health insurance.  A description of each of these 
outcomes is provided below: 
 
Work-related injury 
 
All injuries and illnesses captured in the WC claims data during a month in which a 
worker contributed time at risk (i.e. > 0 union hours worked that month) were considered.  
Individual workers were allowed to contribute more than one injury per month.  Defined using 
ANSI/OIICS codes, injury details include body part or site affected, nature of the injury, event or 
exposure preceding the injury and primary/secondary sources involved in the injury. 
 
The WC claims contain, as described by the Washington State Department of Labor and 
Industries, “injuries” and “illnesses” – terms typically used to describe adverse outcomes of an 
acute or chronic nature, respectively.  In this study, we refer to all of these outcomes as “injuries.”  
Work activities can contribute to acute injuries at a point in time as well as disorders (illnesses) 
from cumulative exposure to lesser loads over a period of time.  However, this distinction lacks 
clarity.  For example, a worker may experience an overexertion injury attributed in part to a peak 
exposure after years of cumulative trauma, or a worker may develop a chronic condition (illness) 
following an acute injury event. Both types of scenarios could end up as a reported and accepted 
claim in the WC data used in this study, given the condition was determined to be work-related.  
 
Work-related injury with paid day(s) away from work 
 
This outcome was defined as a work-related injury (defined above) with at least one paid 
day away from work.  In Washington State, an injured worker receives payment for lost time after 
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missing three days of work as a result of the injury.  For cases not yet closed, the most currently 
available data were used.  Individual workers were allowed to contribute more than one work-
related injury with paid day(s) away from work per month.   
 
Work-related injury related to drywall material 
 
This outcome was defined as a work-related injury (defined above) in which drywall 
material was identified as a contributing factor in the injury event.  Such contribution of drywall 
material was defined based on available ANSI/OIICS primary and secondary source code 
information as well as an analysis of injury event narratives.  Individual workers were allowed to 
contribute more than one work-related injury related to drywall material per month.  A more 
detailed description of the definition of this outcome is provided in this Chapter’s “Narrative text 
analyses” as well as in Chapter 4. 
 
 Some analyses of the outcomes mentioned thus far were restricted to work-related 
injuries (overall or with paid lost time) within specific mechanisms of injury, notably falls from 
elevation, falls on the same level, overexertion/bodily reaction and struck by/against, defined 
using ANSI/OIICS codes assigned to the injury. 
 
Work-related overexertion back injuries 
 
This outcome was defined as a work-related injury (defined above) with an ANSI/OIICS 
code indicative of an overexertion injury mechanism and the back indicated as the body part 
affected.  Defining whether the back was the body part affected by the injury relied on such 
indication by ANSI/OIICS codes or, in the case where the ANSI/OIICS code did not indicate the 
back, a medical diagnosis for a non-acute back condition.  Individual workers were allowed to 
contribute more than one work-related overexertion back injury per month.  A more detailed 
description of the definition of this outcome is provided in Chapter 6. 
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Health care utilization for musculoskeletal back diagnosis 
 
Health care utilization for diagnoses of musculoskeletal conditions of the back was based 
on the primary ICD-9 diagnosis code assigned to each claim.  In the health care records, several 
claim lines can exist for any given diagnosis.  For the proposed analyses, utilization was defined 
in a way that allowed, for each carpenter, one visit per provider per day.  Only claims which 
occurred during a month in which the carpenter was eligible for insurance (regardless of whether 
hours were worked) were examined.  There was no upper limit on the number of visits per month 
for a given worker. A more detailed description of the definition of this outcome is provided in 
Chapter 6. 
 
Time at risk 
 
For analyses of outcomes of work-related injuries, individual worker-hours as a union 
carpenter were used as the measure of time at risk for an injury.  All hours worked during a given 
month were considered time at risk for any injury occurring during that month.  For analyses of 
health care utilization for musculoskeletal back diagnoses, time at risk was defined as worker-
months of insurance eligibility.   
 
Explanatory variables 
 
Covariates of interest in this research included the predominant type of work performed, 
age, gender, time in the union and calendar time.  An overview of each of these variables follows.  
Additional work, highlighted at the end of Chapter 4, utilized a variable defined by the date of 
union entry with respect to the start of study follow-up (i.e., prevalent versus incident union entry).   
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Predominant type of work performed 
 
In this cohort of Washington State union carpenters, the union local is the unit to which 
predominant type of work performed was assigned.  Each local was assigned by an industrial 
hygienist to one of several categories based on the predominant type of work the local’s 
members perform.  Type of work categories include drywall, heavy commercial, light commercial, 
millwrighting, piledriving, cabinet/fixture work and residential.  The predominant type of work 
performed by a given local was allowed to change over time.  For analyses, this variable was 
dichotomized by whether the assigned predominant type of work performed by the local was 
drywall carpentry (yes, no).  In Washington State, carpenters who do drywall installation work 
must lift, carry, hold and install drywall on residential and commercial work sites.  Their work does 
not include drywall finishing tasks, such as taping or sanding.  All analyses were stratified initially 
by predominant type of work. 
 
Calendar time 
 
An emphasis of this research was the examination of outcomes (previously described) 
over time.  This variable was categorized as calendar years (e.g., 1989, 1990, 1991) for most 
analyses.  Calendar years were grouped for some analyses (e.g., 1989-1992, 1993-1996).     
 
Gender 
 
The source cohort was characterized by a low proportion of females.  Gender was 
missing for 609 (2.5%) members of the source cohort. 
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Age 
 
Carpenters in the source cohort covered a wide range of ages (17 to 76 years, mean 35 
years).  Age was provided in its continuous form in the cohort data and categorized for analyses 
involving the calculation of injury rates and rate ratios.  Age was treated as a time-varying 
variable, with time at risk accumulating in the appropriate age strata for workers.  Age was 
missing for 586 (2.4%) members of the source cohort. 
 
Time in the union 
 
Carpenters who have little or no experience prior to their entry into a Washington State 
carpenters’ union are considered “apprentices.”  An apprentice must receive standard three to 
four years of classroom and on-the-job training to receive “journeyman” status.  Although not a 
direct measure of these distinct stages of a carpenter’s career (e.g., a carpenter may enter the 
union with or without carpentry experience), time in the union was categorized in a way that 
acknowledged these stages in order to make meaningful comparisons between them.  It was 
treated as a time-varying variable, with time at risk accumulating in the appropriate strata over the 
study period.   
 
Statistical approach 
 
Description of the dynamic study cohort 
 
Descriptive statistics were generated to characterize the study cohort overall and over 
calendar time by worker age, gender, time in the union and union hours worked, stratified by the 
predominant type of work performed (drywall installation versus other type of carpentry).  The 
number of work-related injury outcomes, health care utilization for musculoskeletal back injuries, 
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worker-hours at risk and months of eligibility for union-provided health insurance were calculated 
overall and by year, age, gender and time in the union, stratified by predominant type of work.   
 
Calculation of work-related injury rates 
 
Using the number of union worker-hours as the time at risk (denominator) and a 
particular work-related injury outcome (e.g., overall, paid lost time, mechanism-specific) as the 
numerator, crude incidence rates, rate ratios and 95% confidence intervals (CI) of work-related 
injury were calculated assuming a Poisson distribution.  Poisson regression models, which can 
incorporate both the time at risk contributed by each subject and changes in covariate values 
over time [Checkoway H, et al. 1989], have been used in previous analyses of this cohort, and 
they have provided a suitable fit to the data.   Stratified by the predominant type of work 
performed (drywall installation versus other type of carpentry), injury rates and injury rate ratios 
were calculated over calendar time, as well as by injury and worker characteristics.  As is 
common in literature of work-related injuries among construction workers, rates were expressed 
as the number of injuries per 200,000 worker-hours.  
 
 The general form of the Poisson model used for modeling injury rates is: 
 
  ln (Number of events / Time at risk) = β0 + β1X1 + . . . + βjXj, 
 
 where β0 is the natural log of the rate in the group with all exposure variables at their 
referent level, and X1 through Xj denote exposure variables (or groups of exposure variables, e.g., 
indicator variables for worker age). 
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This model can also be expressed as: 
 
ln (Number of events) = ln (Time at risk) + β0 + β1X1 + . . . + βjXj, 
 
where ln (Time at risk) is the “offset.”  In the modeling of work-related injury outcome 
rates, the time at risk was measured in worker-hours. 
 
Examination of rates of injury over time in which  
drywall material was a contributing factor 
 
Sheets of drywall have increased in size and weight over the study time period.  We 
assumed such changes could affect rates of injury in which drywall material was a contributing 
factor without having any effect on rates of injury in which drywall material was not a contributing 
factor.  In contrast, we assumed there were also changes over time (e.g., reporting criteria) that 
would affect all injuries, regardless of whether drywall material was a contributing factor in the 
injury event.  In analyses examining trends over time in the rate of injuries in which drywall 
material was a contributing factor, it was of interest to control for any changes over the 20-year 
time period that would affect all work-related injuries.   
 
Poisson models were constructed separately for each of the three common mechanisms 
of injury (i.e., struck by/against, overexertion, falls): 
 
ln (Rate of drywall material-related injuries / Rate of injuries  
not related to drywall material) = β0 + βiXi, 
 
where βi and Xi represent coefficients and values of indicator variables for calendar time, 
respectively.  Our interest was in evaluating whether there were changes in the ratio of the rate of 
drywall material-related injuries to the rate of injuries resulting from other sources over time, 
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rather than the value of this ratio itself.  In the absence of a change that would affect drywall 
material-related injuries only (e.g., increasing drywall sheet size, weight) or injuries related to 
other sources only, this ratio of the rate of drywall material-related injuries to the rate of injuries 
resulting from other sources was assumed to be constant over time.  The offset for the model was 
specified as the natural log of the product of worker-hours times the rate of injuries not related to 
drywall material, or simply the natural log of the number of injuries not related to drywall material, 
as the identical values of worker-hours cancel out [Breslow and Day 1987].   
 
Calculation of health care utilization rates 
 
Rates, rate ratios and 95% CIs of private health care utilization for musculoskeletal back 
conditions were estimated using negative binomial regression models, with worker-months of 
insurance eligibility as the time at risk.  The general form of the negative binomial regression 
model used for modeling injury rates is similar to that of the Poisson regression model, with the 
addition of a parameter to relax the assumption of the standard Poisson regression model that 
the variance is equal to the mean.  These models are particularly useful in working with rate data 
that are over-dispersed, as they provide (larger) standard errors to reflect this additional variation.  
Generalized estimating equations (GEE) were used to account for correlation within subjects 
[Liang KY and Zeger SL 1986].  The exchangeable correlation matrix, which assumes the 
average within worker correlation is the same, was chosen to adjust the model for the repeated 
measurements per worker.   
 
  As anticipated based on previous analyses of health care utilization data from this cohort 
[Lipscomb HJ, et al. 2009b], this approach was appropriate given the data were skewed due to a 
large proportion of the study cohort who never sought care and multiple claims existed for 
individual workers.  Utilization rates were expressed as events per 100 person-years of eligibility.   
We examined whether rates varied over calendar time as well as by categories of worker gender, 
age and time in the union.   
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Examination of rates of health care utilization for a musculoskeletal back diagnosis  
by the number of and time since a work-related overexertion back injury 
 
As part of the examination of the relationship between rates of musculoskeletal outcomes 
captured in union-provided private health insurance claims data to those captured in WC claims 
over time among drywall carpenters, rates of private health care utilization were examined by the 
number of work-related overexertion back injuries and time since a work-related overexertion 
back injury.   
 
Previous analyses of union carpenters in Washington State highlighted a dramatic 
decline in health care utilization and costs for musculoskeletal back disorders from 1993 to 1995 
[Lipscomb HJ, et al. 2009a, Lipscomb HJ, et al. 2009b] – a pattern which likely reflects 
Washington State’s implementation of the Medicare resource-based relative value scale 
(RBRVS) system as part of an effort to control health care costs [Kominski GF, et al. 1999].  We 
restricted these analyses to 1995 and later to capture only the period of time after the RBRVS 
was fully implemented.  
 
Multivariate regression modeling 
 
After the calculation of crude overall and stratified injury outcome rates and rate ratios, 
analyses focused on the calculation of adjusted rate ratios and 95% confidence intervals [Nizim A 
2000].   Initial multivariate models examining patterns of work-related injury or health care 
utilization for musculoskeletal back conditions by worker gender, age and time in the union 
included these explanatory variables as potential confounders.  Consideration was paid to 
understanding whether age and time in the union were collinear in the study cohort, as a strong 
correlation between these variables may have precluded their simultaneous inclusion in a 
regression model.  Results from a weighted regression did not indicate these variables were 
collinear; the condition index from the information matrix was 2.25.   
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Previous research based on the full cohort of union carpenters from which our study 
cohort was derived suggests patterns in injury rates over calendar time varied across categories 
of worker age and time in the union, with younger workers and workers with fewer years in the 
union exhibiting more marked reductions in rates of work-related injury over time [McCoy AJ, et 
al. In press].  These findings were supported in the study cohort of drywall carpenters as well.  
However, when the data were stratified by injury mechanism, or focused on outcomes of (a) 
work-related injury with paid lost time or (b) work-related injury in which drywall material was a 
contributing factor, many of the models including calendar time as an effect measure modifier did 
not converge.  The decision was made to not include calendar time in multivariate regression 
models.  Calendar time was not suspected to be either an effect measure modifier or confounder 
of the relationship between gender and work-related injury. 
 
Each model’s goodness of fit was assessed comparing the models’ Pearson’s chi-square 
to its degrees of freedom.  For models with a value of Pearson’s chi-square divided by degrees of 
freedom of <0.67 or >1.5, the standard errors were scaled to correct the under-dispersion or over-
dispersion, respectively.   
 
Analyses were performed in SAS version 9.1.3 [SAS Institute Inc. 2002-2004]. For 
assessment of collinearity among explanatory variables, the HESSWGT= option in PROC 
GENMOD was used to compute values for diagonals of a weight matrix to inform a weighted 
regression and assessment of the condition of the information matrix using PROC REG.  Poisson 
and negative binomial regression models were performed in PROC GENMOD, specifying link=log 
and appropriate distribution (i.e., Poisson, negative binomial).  The CLASS statement was used 
to incorporate indicator variables for the explanatory variables of interest.  Scaling of the standard 
errors used the PSCALE option.  For generalized estimating equations, the REPEATED 
statement was employed, and an exchangeable working correlation matrix was specified. 
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Narrative text analyses 
 
To identify injuries in which drywall material was suspected to be a contributing factor, a 
manual review and keyword search of text descriptions of drywall carpenters’ injuries available in 
the WC claims data was performed.  First, we sought to confirm ANSI/OIICS-code-defined 
drywall material-related injuries.  This goal employed a manual review of injury text descriptions. 
Only those descriptions which strongly suggested a separate source of injury were considered 
not related to drywall material. Then, we identified injuries related to drywall that were not 
captured based on ANSI/OIICS source codes.  Injury text descriptions were searched for 
keywords such as “sheetrock,” “sheet rock,” and “drywall.”  The list of words used in the search 
was based on commonly-used words in the text descriptions of injuries already identified and 
confirmed as drywall material-related based on ANSI/OIICS source codes.  Injuries were flagged 
as potentially having drywall material as a contributing source if they contained one or more of the 
keywords.  A manual review of all flagged injuries was performed to confirm whether drywall 
material was a contributing source based on the full injury narrative.  
 
An additional goal of the narrative text analyses was to capture and summarize detailed 
injury event information.  The capturing of injury event details focused on common mechanisms 
of injuries (e.g., falls, overexertion, struck by/against) among drywall installers. Initial coding 
categories were formulated based on potential mechanism-specific contributory factors as 
highlighted in the literature and through an initial review of the injury narratives.  Categories 
included worker activity; tool, equipment and/or assistive device used; and malfunction of tool, 
equipment and/or assistive device.  For fall-related injuries, the surface from which the worker fell 
and the height of the fall were also coded.  All categories included an ‘Other’ option with a text 
descriptor field.  All coding of the injury events was performed manually.  The process was 
iterative; as changes were incorporated into the data extraction tools, previously hand-coded 
events were re-reviewed for information specific to the new information to be extracted.  
Following coding of the injury events, descriptive statistics were generated to address 
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characteristics of and circumstances surrounding these work-related injuries.  ANSI/OIICS codes 
assigned to the claims were compared to information gathered through the injury narratives. 
 
Categorization of injuries by whether drywall material was a contributing source was 
performed in SAS version 9.1.3.  For the coding of further injury event details, data extraction 
forms and linked data management tables were created in Microsoft Access [Microsoft 
Corporation] for each injury mechanism analyzed.  Coded data were then imported in SAS 
version 9.1.3 [SAS Institute Inc. 2002-2004] for generation of descriptive statistics.   
 
Site visits 
 
Analyses of hand-written field notes from the three construction site visits were performed 
with the goal of contextualizing the research.  Notes were reviewed and typed into a word 
processor following each observation day, providing a time for additional reflection and recall. 
This process allowed us to highlight and group common comments in the field notes, and it 
assisted in refinement of the key informant interview guides.   
 
Key informant interviews 
 
Analyses of key informant interview data were also conducted with the goal of 
contextualizing the results based on quantitative data.  Written notes from key informant 
interviews (n=5) were reviewed and typed into a word processor.  Text data were categorized to 
follow the domains and questions of the interview guides.  This approach resulted in coded 
information to denote drywall installation work exposures, task and safety training, perceived work 
risks, injury experiences and prevention approaches, manager support and trends in each of 
these aspects over time.  Consistencies and discrepancies in what was heard by various experts 
were noted.  Through these analyses, we sought to identify issues which were pertinent to 
understanding the context from which the injury rate data arose.  In that spirit, additional coding 
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nodes not specified directly in the key informant interview guides were developed as they arose 
during the analysis, given they provided insight into the context.   
 
Study procedures were approved by the Institutional Review Boards at Duke University 
Medical Center, the Washington State Department of Health and Human Services and the 
University of North Carolina at Chapel Hill. 
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CHAPTER 4 
 
WORK-RELATED INJURIES AMONG UNION DRYWALL CARPENTERS IN WASHINGTON 
STATE, 1989-2008 
 
Overview 
 
Drywall installers are at high risk of work-related injury.  From an epidemiologic 
perspective, these workers are challenging to study.  We identified worker-hours and workers’ 
compensation claims for a 20-year (1989-2008) cohort of 24,830 Washington State union 
carpenters.  Work-related injury rates were examined over time and by worker characteristics, 
stratified by type of work (drywall installation, other carpentry).  Drywall installers’ overall rate of 
work-related injury, 33.1/200,000 worker-hours, was nearly 20% higher than that of other 
carpenters.  Drywall material contributed in one-fifth of injury events.  Common mechanisms were 
struck by/against, overexertion and falls.  Declines in work-related injury rates were observed 
over time.  When controlling for trends affecting all injuries, the rate of overexertion injuries in 
which drywall material was a contributing factor declined over time.  In contrast, the rate of struck 
by/against injuries in which drywall material was a contributing factor increased.  In this 20-year 
cohort, drywall installers’ work-related injury rates exceeded those of other carpenters.  Drywall 
material contributed to a substantial proportion of injury events.  Patterns of risk over time varied 
by common injury mechanisms. 
 
Introduction 
 
In the 1940s pre-fabricated gypsum wallboard, or drywall (commercially manufactured in 
the US under the trade name “sheetrock”) began to replace lath and plaster for finishing building 
interiors, facilitating more rapid building completion.  Comprised of a layer of gypsum material 
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between two layers of paper, drywall now holds nearly the entire market share for interior 
finishing materials in North America [Ferguson MR 2002].  Drywall sheets were initially 
manufactured as 4’ wide, 8’ long and 3/8” thick, but a variety of sizes and types exist today.  
Standard sheet lengths of 8’, 10’, 12’ and 16’ and thicknesses of 3/8”, 1/2” and 5/8” are available, 
some with a lighter-weight counterpart.  Materials resistant to dents, mold and sound provide 
additional building options.  Larger sheet dimensions reflect the desire to minimize finishing time, 
in keeping with building design trends.  For example, when the number of homes built with 9’ 
ceilings increased in the 1990s, 4.5’ wide sheets became available to avoid two horizontal seams 
on walls.   
 
Drywall installers have high rates of work-related injury relative to their construction 
counterparts [Chiou SS, et al. 1997, Lipscomb HJ, et al. 2000], and their injury incidence is 
typically attributed to the lifting, carrying and cutting of large sheets of drywall and fastening them 
in place [Chiou SS, et al. 1997, Chiou SS, et al. 2000, Dement JM and Lipscomb H 1999, 
Lipscomb HJ, et al. 2003a, Lipscomb HJ, et al. 2000].   
 
In a biomechanical analysis, Pan and Chiou documented significant stress on workers’ 
shoulders, torsos and hips, and they predicted low back disc compression forces when lifting a 
100 pound drywall sheet in excess of the 770 pound limit recommended by the National Institute 
for Occupational Safety and Health (NIOSH) for each of four common lifting techniques [Pan CS 
and Chiou SS 1999a].  Such musculoskeletal stressors associated with lifting drywall sheets 
place workers at risk for overexertion injuries.  Additionally, fall-related and struck-by injuries 
reflect drywall installation work tasks, which include carrying drywall sheets on a work site, up 
stairs or through narrow openings; measuring and cutting drywall to accommodate doorways, 
windows and other openings or fixtures; and lifting, securing and hanging drywall sheets into 
place.  Work at elevation is common, and some work is performed on surfaces with limited space 
which may compromise worker coordination and balance.  Fastening of drywall sheets requires 
both work overhead and below the knees, invoking awkward work postures.  In a questionnaire 
38 
 
survey of perceived hazards during drywall installation, ceiling installation work was rated by 
drywall hangers as the most hazardous task in terms of physical stress, potential for falling and 
being struck by/against an object [Pan CS, et al. 1999b]. 
 
Despite the widespread use of drywall in modern construction, comprehensive 
descriptive epidemiology of the injuries associated with drywall installation is lacking.  In 
particular, there remains a gap in the understanding of drywall installers’ injury experiences over 
time when known changes in the industry have occurred.  Using data from a well-defined 
retrospective cohort of union carpenters in Washington State, the purpose of this study was to 
describe the work-related injury experience among construction industry workers engaged in 
drywall installation over a 20-year period, from 1989 through 2008, with an emphasis on 
identifying injury patterns over time and high-risk subgroups of workers.   
  
Methods 
 
Cohort data 
 
Previous research has used union membership and health insurance eligibility files 
provided by the Carpenters Trusts of Western Washington (CTWW) to define a dynamic, 
historical cohort of active union carpenters who were members of the United Brotherhood of 
Carpenters and Joiners of Western Washington between January 1, 1989 and December 31, 
2008 [McCoy AJ, et al. In press].  Earliest follow-up for this cohort began March 1, 1989, as 
carpenters had to work at least three months of union hours to enter the study cohort, with 
observation beginning the month they met this criterion.  Data available for each carpenter 
included date of birth, gender, date of union initiation, union local affiliation and hours of union 
work per month.   
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In these data, the predominant type of work performed is assigned at the level of the local 
union affiliate, rather than at the level of the individual carpenter.  Affiliates perform a range of 
carpentry work, including drywall installation, heavy commercial, light commercial, millwrighting, 
piledriving, cabinet/fixture work and residential building.  The focus of these analyses was the 
sub-cohort formed by union carpenters in the local predominantly installing drywall.  Drywall 
installation is performed on residential and commercial work sites, and in Washington State, this 
work does not include drywall finishing tasks such as taping or sanding.   
 
Time at risk and covariates 
 
Individual worker-hours as a union carpenter were used as the measure of time at risk for 
an injury.  All hours worked during a given month were considered time at risk for any injury 
occurring during that month.  The main exposures of interest were the predominant type of work 
performed (drywall installation versus other types of carpentry) and calendar time.  Other 
covariates of interest included worker gender, age and time in the union.  Carpenters typically 
spend four years in apprenticeship training prior to receiving journeyman status, and time in the 
union was categorized to explore rates of injury by periods of time within workers’ apprenticeship 
(<4 years in the union) and journeyman years (≥4 years in the union) of experience separately.   
 
Injury and illness data 
 
Workers’ compensation (WC) claims for the cohort were linked to the union eligibility and 
membership files at the individual level using an encrypted identifier as has been described  
previously [Lipscomb HJ, et al. 2008b, Lipscomb HJ, et al. 2000, Lipscomb HJ, et al. 1997, 
Lipscomb HJ, et al. 1996; McCoy AJ, et al. In press].  Claims data were available from 1989 
through 2008 from the Washington State Department of Labor and Industries (L&I).  Of note, 
Washington is one of a handful of US states that relies on a state-run WC program.  As such, WC 
claims data are centralized and available from L&I.  These data include first aid, medical-only and 
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paid lost work time (occurring after the third lost day after injury in Washington State) injury and 
illness claims.  Data elements available for each work-related injury or illness (hereafter referred 
to as “injury”) include: event date, number of paid lost days from work, body part affected, nature, 
type of event or exposure (i.e., mechanism) and source.  These last 4 variables utilized an 
American National Standards Institute (ANSI)-based coding scheme prior to July 2005, and 
Occupational Injury and Illness Classification System (OIICS) codes were used in later years.  Of 
note, claims from companies in Washington State that self-insure for WC coverage are included 
in this study.  However, L&I only assigns ANSI/OIICS codes to such claims it they resulted in paid 
lost time.  All reported and accepted WC claims for events occurring during months in which the 
carpenter worked union hours were considered outcomes of interest.  Individual workers were 
allowed to contribute more than one injury per month.   
 
Injury event text descriptions, available for approximately 90% of drywall installers’ WC 
claims, were reviewed systematically to (a) confirm whether drywall material was a contributing 
factor in the 733 injuries assigned an ANSI/OIICS code for drywall material and (b) identify 
injuries in which drywall material was a contributing factor that were not captured based on 
ANSI/OIICS source of injury codes.  Through manual review, 1.8% (n=12) of ANSI/OIICS-code-
defined drywall material-related injuries were determined to be related to material other than 
drywall (e.g., cement board, plywood) and were not considered drywall material-related for 
analyses.  Next, an index list of commonly used words in the injury narratives of ANSI/OIICS-
code-defined drywall material-related injuries was created (“drywall,” “sheetrock,” “gypsum,” 
“wallboard,” “coreboard,” “plasterboard,” “DW,” “GWB”).  Narratives available for 4,634 (86.9%) of 
the 5,333 injuries not assigned an ANSI/OIICS source code for drywall were flagged if they 
contained a word on the index list.  After manual review, an additional 472 injuries were identified 
in which drywall material was a contributing factor, for a total of 1,193 drywall material-related 
injuries among drywall installers over the 20-year study period.   
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Key informant interviews with five substantive experts in Washington State were 
conducted to gather information on industry- and trade-specific trends over time and work-related 
exposures, thus providing a context from which the injury rate data arose.  The interviewees had 
a range of experience from 20 to more than 40 years in the trade, and they included former 
drywall installers currently serving in supervisory, job assignment or training roles.  Interviews 
followed primarily a structured guide, though they were guided in part through three days of 
observation of drywall installation work on Washington State construction sites.  
 
Statistical methods 
 
The study cohort was described in terms of the distribution of worker gender, age and 
time in the union, stratified by the predominant type of work performed (i.e., drywall installation 
versus other types of carpentry), overall and over time.  Stratified by the predominant type of work 
performed, the frequency and proportion of work-related injuries and worker-hours at risk were 
calculated overall, by worker demographics and over calendar time.  Among drywall installers 
only, the frequency and proportion of injuries by mechanism, nature and body part affected were 
described, stratified by whether drywall material was considered a contributing factor in the injury 
event.   
 
Poisson regression, which can incorporate both the time at risk contributed by each 
subject and changes in covariate values over time [Checkoway H, et al. 1989], was used to 
calculate injury rates, crude and adjusted rate ratios and 95% confidence intervals by year and 
characteristics of workers (age, gender, time in the union).  Injury rates were expressed as the 
number of injuries per 200,000 worker-hours.  Stratified analyses were performed by 
characteristics of the injuries (mechanism, source, paid lost time).  Multivariate models were used 
to examine the effect of predominant type of work performed while controlling for worker gender, 
age and time in the union.  For analyses restricted to carpenters belonging to the union local 
whose predominant type of work was drywall installation, models controlled for age and time in 
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the union.  Within all models, worker age and time in the union were allowed to vary over time 
with injury events and time at risk allocated to the appropriate strata over the 20-year study 
period.   
 
Given the known changes in the size of drywall sheets over time, we were interested in 
understanding patterns over the 20-year study period in the rates of work-related injury in which 
drywall material was a contributing factor.  In so doing, we sought to control for secular trends 
that could affect rates of all work-related injuries over the same time period.  Poisson models 
were constructed separately for each of the three common mechanisms of injury (i.e., struck 
by/against, overexertion, falls): 
 
Natural log (rate of drywall material-related injuries / rate of injuries not  
related to drywall material) = β0 + βiXi, 
 
where βi and Xi represent coefficients and values of indicator variables for calendar time, 
respectively.  The offset for the model was specified as natural log (worker-hours x rate of injuries 
not related to drywall material), or simply natural log (number of injuries not related to drywall 
material) [Breslow and Day 1987].  In the absence of a change that would affect the rate of 
drywall material-related injuries only (e.g., increasing drywall sheet size, weight) or the rate of 
injuries related to other sources only, the ratio of the rate of drywall material-related injuries to the 
rate of injuries resulting from other sources is expected to be constant over time.   
 
Results 
 
Description of the study cohort 
 
The main cohort was comprised of 24,830 carpenters who worked 192,371,021 union 
hours from 1989 through 2008.  Characteristics of this cohort, including worker demographics, 
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hours worked and injury patterns have been described [McCoy AJ, et al. In press].  Union local 
was missing for 1,895 carpenters who contributed 1,875,485 worker-hours; these workers were 
not included in the current analyses.  One-fifth of the workers (n=5,073) belonged to a union local 
whose predominant type of work was drywall installation.  At entry into the study cohort, drywall 
installers averaged 3.2 years in the union (range 0 to 43) and had a mean age of 31.0 years.  
Compared to carpenters in other types of work, drywall installers were, on average, 3.9 years 
younger and had 2.5 years less time in the union.  Drywall installers also averaged fewer hours 
worked per month (142.3) compared to their carpentry counterparts (149.1) (t=63.93, p<0.0001), 
and they had a higher proportion of male workers (99.2% versus 97.2%; χ2=71.87, p<0.0001).   
 
Work-related injury claims among drywall installers 
 
Among drywall installers, 6,066 workers’ compensation claims were reported and 
accepted between 1989 and 2008 by 42% (n=2,127) of the cohort for an overall injury rate of 33.1 
(95% CI 32.3, 33.9) work-related injuries per 200,000 hours.  Injury rates among drywall installers 
declined over time, from a high of 59.1 per 200,000 hours worked in 1999 to a low of 15.6 per 
200,000 hours worked in 2008 (Figure 4.1).  Twenty-two percent (n=1,337) of the work-related 
injuries among drywall installers resulted in paid lost time for an overall rate of 7.3 events per 
200,000 worker-hours (95% CI 6.9, 7.7).  Paid lost time claims were filed by 18% (n=895) of the 
drywall cohort.  Overall paid lost time injury rates among these workers declined over time, from a 
high of 15.1 per 200,000 hours worked in 1999 to a low of 2.3 per 200,000 hours worked in 2007 
(Figure 4.2).   
 
Compared to carpenters in other predominant types of work, drywall installers had higher 
rates of overall injuries (Adjusted IRR 1.19, 95% CI 1.16, 1.23) and paid lost time injuries 
(Adjusted IRR 1.59 95% CI 1.49, 1.70), controlling for worker gender, age and time in the union.  
These patterns held across all categories of age and time in the union and among male workers 
(Table 4.1 for injuries overall).  Female drywall installers had lower rates of overall injury than 
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female workers in other types of carpentry work (Adjusted IRR 0.47 95% CI 0.29, 0.78).  They 
also had lower rates of injury than male drywall installers (Adjusted IRR 0.60, 95% CI 0.33, 1.08).   
Although drywall installers exhibited higher rates of injury than carpenters in other types of work 
across most years of observation (Figures 4.1 and 4.2), declines in overall injury rates from 1990 
(when the highest rates were observed) to 2008 were greater among drywall carpenters (73.6%) 
than their carpentry counterparts (62.0%).  There was no difference by predominant type of work 
performed (drywall installation, other carpentry) in the decline in rates of paid lost time injuries 
over this time (80.3% and 81.8%, respectively). 
 
Characteristics of work-related injuries among drywall installers 
 
Common mechanisms of injury among drywall installers, regardless of whether drywall 
material was a contributing factor, included struck by/against (n=2,118, 34.9%), overexertion 
(n=1,637, 27.0%) and falls (n=727, 12.0%) (Table 4.2).  Falls from elevation and overexertion 
events had the highest proportion of injuries with paid lost time (40.5% and 38.2%, respectively), 
and struck by/against events resulted in paid lost time in 9.3% of the injuries.  One-third of injuries 
overall and half of paid lost time injuries were coded as sprains, strains, or tears.  Cuts and 
abrasions made up nearly 40% of injuries; overall, 4.2% of cuts and abrasions resulted in paid 
lost time.  Although fractures and dislocations represented a small proportion of injuries (3.2% 
and 1.5%, respectively), 53.1% of fractures and 47.7% of dislocations resulted in paid lost time.  
Commonly affected body parts included hand(s)/finger(s) (n=1,414, 23.3%), back/trunk (n=1,340, 
22.1%) and eye(s) (n=737, 12.1%).  The proportion of injuries with paid lost time was high for 
injuries to the knees (41.6%), shoulder (41.1%), back/trunk (36.3%), wrists (32.5%), ankles 
(32.1%), neck (31.6%) and elbow (31.0%).   
 
Common sources of injury based on ANSI/OIICS primary source of injury codes included 
chips, particles, splinters (11.0%), floors, walkways, ground surfaces (10.6%), drywall material 
(11.3%), tools, instruments, equipment (9.9%), structural metal (6.5%) and bodily motion (6.3%).  
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Scaffolds were coded in 1.6% of injuries overall; however, one in four of scaffold-related injuries 
resulted in paid lost time.  Injuries attributed to carts, dollies and hand trucks represented a small 
proportion of injuries overall (0.9%), yet 20.8% had paid lost time.  
 
Based on the combination of ANSI/OIICS codes and review of injury narratives, drywall 
material was identified as a contributing factor in 19.7% (n=1,193/6,066) of work-related injury 
events among drywall installers.  One-third (32.8%; n=391/1,193) of drywall material-related 
injuries resulted in paid lost time, compared to 19.4% (n=946/4,873) of injuries from other 
sources.  The highest overall rates of injury in which drywall material was a contributing factor 
were for overexertion events, events with a nature of sprain, strain or tear, and injuries to the 
back.  In contrast, for injuries in which drywall material was not a contributing factor, the highest 
rates were observed among struck by/against injuries, cuts/lacerations and injuries to the fingers.   
 
The proportion of injuries with paid lost time increased with increasing age and time in the 
union (Table 4.3 and 4.4).  In adjusted analyses, rates of injury overall and with paid lost time 
were highest among workers in their latter apprenticeship years (2 to <4 years in the union).  The 
overall rate of drywall material-related injuries was 6.5 per 200,000 worker-hours (95% CI 6.2, 
6.9).  Patterns in rates of injury by age differed depending on whether the source of injury was 
drywall material.  For drywall material-related injuries, rates were highest among workers age 25 
to <45 compared to their younger and older working counterparts.  For injuries related to other 
sources, workers <35 years old had the highest rates of injury.  Rates of drywall material-related 
injuries with paid lost time were highest for workers 35 to <45 years old; paid lost time injury rates 
increased with increasing age for injuries from other sources.   
 
Stratified by common injury mechanisms, rates of drywall material-related injuries and 
injuries from other sources by worker age and time in the union are presented in Table 4.5.  For 
injuries related to drywall material or other sources, rates of struck by/against injuries were higher 
among workers <45 years old compared to their older counterparts, as well as among workers 
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with <4 years in the union.  Rates of injuries from falls related to drywall material were higher 
among workers with less than 10 years in the union compared to their more experienced 
counterparts, yet no difference was observed in rates by time in the union for fall injuries in which 
drywall material was not a contributing factor.  Overexertion injury rates were highest among 
workers age 35 to <45 for injuries related to drywall material and for injuries from other sources, 
compared to their younger and older working counterparts.  Compared to workers with <4 or 10+ 
years in the union, workers with 4 to <10 years of in the union had higher rates of overexertion 
injuries related to drywall material but lower rates of overexertion injuries in which drywall material 
was not a contributing factor. 
 
Declines in rates of overexertion, fall and struck by/against injuries were observed over 
the 20-year study period among drywall installers [Schoenfisch AL and Lipscomb HJ 2012] in line 
with patterns observed overall.  When controlling for trends over time affecting all injuries, rates of 
work-related injuries in which drywall material was a contributing factor have declined over the 
20-year study period for overexertion injuries (Figure 4.3).  Different patterns were observed for 
acute injuries, specifically those from struck by/against events, whose trend-adjusted rates were 
higher than expected in the latter years of observation.  
 
Discussion 
 
Among this cohort of union carpenters engaged in drywall installation in Washington 
State, rates of work-related injuries accepted through the state-run workers’ compensation 
system were higher among drywall installers than among workers in other types of carpentry in 
nearly all years of observation, among male workers and within categories of worker age and 
time in the union.  Declines in rates of overall injury claims over the 20-year period were likely the 
result, to some extent, of changes in the late 1980s that placed an enhanced focus on workplace 
safety, injury management and return-to-work programs [Welch LS, et al. 2007].  Notably, large 
construction owners began to pre-qualify bidders based, in part, on safety and health 
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performance.  In addition, WC costs began to rise dramatically.  In this study, interviews with 
industry and trade experts offered consensus on this focus on worker safety.  A foreman noted, 
“[Worker safety] is financially driven” and “If workgroups have a lot of injuries, they cannot bid 
well.”  Interviewees highlighted specific safety initiatives over time, including increased availability 
and use of personal fall arrest systems, increased use of gloves and (in some projects) use of 
drywall lifts.  In mid-2012, a $1.00 per hour raise was offered to carpenters who completed 
additional work safety classes (available for free through the training center).  
 
During construction site visits and interviews with substantive experts, interviewees 
described a focus on eliminating much of the time needed (and worker exposure) to moving, 
measuring and cutting materials.  In addition to decreasing worker exposures, these efforts were 
noted primarily as increasing production and decreasing wasted material.  For larger companies, 
this included ordering pre-cut materials in custom sizes (e.g., metal studs, drywall sheets) and 
using custom made material carts.  A supervisor gave an example of a time in which he 
suggested workers work off of the loaded drywall dolly; he suggested to workers that they move 
the dolly to the location of hanging and then measure and cut the board while it was on the dolly.  
He indicated this practice was not favored by the workers and was not adopted.   Experts also 
highlighted the importance of choosing ideal material delivery sites.  One supervisor 
communicated with workers about where and how they preferred the stockers (provided by the 
material company) to place sheets of drywall.  Another supervisor noted that he has materials 
placed within 6 feet of the work area, based on the results of a study he read indicating this 
distance provided the most benefit in terms of production.   
 
The extent to which the observed decline in injury rates over time represents a true 
reduction is unclear.  Efforts aimed at enhancing safety may have also encouraged under-
reporting – particularly of less severe injuries – by employers and by employees, through 
incentives to not report and fear of potential consequences of reporting (e.g., reduced hours, job 
loss) [Azaroff, et al. 2002, Pransky G, et al. 1999, Shannon HS and Lowe GS 2002].   
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In line with the work tasks performed by drywall installers and literature on work-related 
injuries among drywall installers and construction workers overall, the more common 
mechanisms of injury were overexertion, struck by/against and falls.  Drywall material was a 
contributing factor in a significant proportion of overexertion events as noted by other researchers 
[Chiou SS, et al. 2000, Lipscomb HJ, et al. 2000, Lipscomb HJ, et al. 1996], as well as in injuries 
from struck by/against and fall events.  Falls from elevation and on the same level made up a 
small proportion of injuries overall, yet they were more likely to result in paid lost time, particularly 
for fall events involving drywall material.  Decreasing rates of struck by/against injuries with 
increasing age and time in the union have been observed previously among Washington State 
union carpenters doing drywall installation work [Lipscomb HJ, et al. 2000].  For injuries resulting 
from overexertion or a fall, patterns by worker age and time in the union suggest the oldest and 
most tenured workers may be more effective at controlling fall and overexertion hazards (as 
suggested by interviewees) or taking on other tasks with less exposure such as measuring, 
cutting or supervisory roles.  These observed patterns may also reflect, in part, a healthy worker 
survivor effect [Arrighi HM and Hertz-Picciotto I 1994].   
 
The lower rates of injury observed among female drywall installers compared to their 
male counterparts – though based on few events – is in contrast to patterns observed in the 
source cohort for injuries overall but in line with patterns for falls to a lower level [McCoy AJ, et al. 
In press].  Based on interviews conducted with industry and trade experts in our study, such 
patterns may reflect women in this particular local having lower exposure to more hazardous job 
tasks and being more willing to recruit assistance for work tasks. 
 
Over time, patterns observed in rates of injuries in which drywall material was a 
contributing factor were different for overexertion injury events compared to more acute injury 
events including falls and struck by/against events, when controlling for secular trends over time.  
Sheets of drywall have increased in size and weight over the 20-year study period.  The observed 
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decline in the rate of overexertion injuries attributed to drywall material suggests supervisors and 
drywall installers may be taking action to reduce their risk of overexertion injury from handling 
these increasingly heavy sheets.  Interviews with experts highlighted requesting stockers to place 
materials closer to the location of hanging, teaching apprentices to use partners for heavy tasks, 
and (to a lesser extent) provision of assistive devices on some projects.  
 
Patterns observed for fall-related injuries suggest increased control of fall risks 
associated with handling drywall material since the late 1990s.  Falls prevention received 
regulatory attention during the study period that likely contributed to substantial declines in fall-
related injuries among drywall installers and other carpenters [McCoy AJ, et al. In press], 
including a vertical fall protection standard for the construction industry in 1991 in Washington 
State and a national revised Safety Standard for Fall Protection by the Occupational Safety and 
Health Administration (OSHA) promulgated in 1994 [US Department of Labor and Occupational 
Safety and Health Administration 1996].  Interviews with trade experts also highlighted an 
enhanced focus on housekeeping over time.  Because carrying drywall sheets can limit a 
worker’s visibility, it is plausible that such attention could have a more pronounced effect on fall 
injuries in which drywall material was a contributing factor.   
 
In contrast to patterns in rates of overexertion and fall injuries, rates of struck by/against 
injuries related to drywall material have increasingly exceeded that which would be expected over 
the 20-year period, controlling for overall struck by/against injury trends.  However, assumptions 
of this last model may be violated; some of the carpenters in this local perform framing tasks, and 
an increase in protective glove use over the last decade (as highlighted by interviewees) may 
have led to a reduction in struck by/against injuries in which drywall material was not a 
contributing factor.  
 
No direct measures of job tasks or individual work-related exposures were available on 
workers in this cohort.  Interviews with business agents for each union local were conducted by 
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an industrial hygienist as part of the assembly of the source cohort to guide assignment of 
predominant type of work performed.  Such assignment is subject to misclassification.  Notably, 
the local used to define drywall carpenters in this study has consistently performed drywall 
installation tasks over time.  Other locals are not as well classified, particularly with economic 
changes in more recent years, guiding our decision to compare drywall carpenters to carpenters 
in all other categories of work combined. 
 
The cohort data do not allow assignment of hours of work to a type of work site (i.e., 
commercial versus residential), a type of project (i.e., new construction, renovation, demolition) or 
the size of the establishment in which the worker is employed - factors which may influence work 
exposures and injury risk among drywall installers and construction industry workers in general 
[The Center for Construction Research and Training 2007].  The cohort data also do not include 
worker ethnicity information.  Through the 1990s, this carpenter cohort was nearly all Caucasian. 
However, there is an increasing Hispanic presence in the union, likely differential by predominant 
type of work performed.  Research suggests Hispanic workers in the US construction industry 
incur a higher proportion of work-related deaths and serious nonfatal injuries compared to their 
non-Hispanic counterparts, in part because these workers are more likely to be employed in 
lower-skilled occupations, including drywall installation, and are less likely to report less serious 
injuries [The Center for Construction Research and Training 2007].  
 
Nearly one-quarter of the carpenters in this cohort joined the union prior to 1989.  We 
recognize these workers may represent a healthy subset of all workers who joined the union 
before the beginning of the study follow-up; if so, their inclusion could introduce selection bias 
and influence injury rate patterns we observed [Applebaum KM, et al. 2007].   
 
Specific aspects of the union carpenter cohort were particularly noteworthy in terms of 
achieving the goals of this study.  Access to data specific to drywall workers for epidemiologic 
research is difficult.  The particular local specializing in drywall installation was robust and well-
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classified over the 20-year study period for the analyses performed.  Other surveillance data 
capturing nonfatal occupational injuries and illnesses in the construction industry do not contain 
consistent or reliable information on type of work performed [The Center for Construction 
Research and Training 2007], limiting researchers’ abilities to understand patterns of risk by 
occupation and subsequently determine whether (and how) to develop occupation-specific 
prevention strategies.   
 
WC claims are a commonly-used source of work-related injury data.  However, defining 
the population of workers or person-time from which the cases arose is often complex.  The union 
carpenter cohort contains a well-defined denominator, allowing for the calculation of injury rates in 
this study.   Furthermore, analyses of linked injury narratives allowed us to identify a considerable 
proportion (40%) of drywall material-related injuries than those found though ANSI/OIICS source 
codes alone.   
 
A sub-analysis examining work-related injury rates by time of union  
entry with respect to study follow-up  
 
Background 
 
The Washington State union carpenter source cohort currently spans the time frame of 
January 1989 through December 2008.  Workers had to work at least three months of union 
hours to be in the study cohort, with follow-up for each worker beginning the month in which they 
met that criterion.  As such, the earliest date of observation for a member of the study cohort was 
March 1989.   With respect to this date of follow-up, the study cohort is comprised of two 
predominant categories of workers in terms of their date of union entry: (1) carpenters in the 
study cohort who joined the union prior to the beginning of the study follow-up and (2) carpenters 
in the study cohort who joined the union after the beginning of follow-up.  A graphical 
representation of various worker inclusion and exclusion scenarios is provided in Figure 4.4.   
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Research suggests the subset of workers who were already working at the start of study 
follow-up may be meaningfully different from the subset of workers who entered the study cohort 
and began working after the start of follow-up [Applebaum KM, et al. 2007].  In the Washington 
State union carpenter cohort, the data allow us to define analogous groups: carpenters who 
entered the union prior to the start of study follow up (“prevalent members”) and carpenters who 
entered the union after the start of follow up (“incident members”).   
 
Of all of the carpenters who joined the union and worked union hours prior to the start of 
study follow-up, prevalent members are a subset that did not exit the union (e.g., voluntarily, 
through death, etc.) prior to the start of follow-up.  It is reasonable to assume these prevalent 
members are a healthier subset of all of the carpenters who joined the union and worked union 
hours prior to the start of study follow-up – “healthier” in that they were less likely to succumb to 
conditions that would prompt them to either switch to another occupation or leave employment 
altogether (e.g., through an inability to maintain health given the demands in carpentry work, 
poorer health in general).  Inclusion of prevalent members in an analysis can therefore introduce 
bias from the healthy worker survivor effect [Applebaum KM, et al. 2007, Arrighi HM and Hertz-
Picciotto I 1994].  The healthy worker survivor effect, in which healthier workers or workers less 
susceptible to the effects of an exposure are more likely to stay (or survive) in an occupation, 
leads to, as Arrighi et al. (1994) state, “a distribution of workers among exposure categories that 
is non-random with respect to underlying risk of disease” [Arrighi HM and Hertz-Picciotto I 1994]. 
 
The purpose of this sub-analysis was to simply describe the two distinct groups – 
“prevalent members” and “incident members” – in the cohort of union drywall installers and 
examine their rates of work-related injury over time and by various worker characteristics.   
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Materials and methods 
 
The assembly and information provided for the cohort of union carpenters, including their 
time at risk, worker characteristics and work-related injuries, has been described (see “Methods, 
page 38).  The main explanatory variable of interest was union entry status with respect to the 
start of study follow-up (prevalent versus incident).  Union entry status was defined as “prevalent” 
for carpenters who joined the union prior to 1989 and “incident” for workers who joined in 1989 or 
after.  Other covariates of interest included predominant type of work, calendar time, gender, age 
and time in the union.   
 
Stratified by the predominant type of work performed, the proportion of the study cohort 
members and time at risk by union entry status was examined overall and over time as well as by 
worker gender, age and time in the union.  Prevalent members were contrasted to incident 
members by the amount of time in the union, age at the time of joining the union, age at the time 
of injury, time in the union at the time of injury, and age and time in the union at study cohort 
entry.  Work-related injury rates were contrasted between these two groups over time.  Finally, 
adjusted injury rate ratios and 95% CIs were estimated to describe injury rates by gender, age 
and time in the union, excluding prevalent members.   
 
Results 
 
The proportion of prevalent workers was 23% among carpenters in a local predominantly 
doing drywall installation work and 34% among workers in other types of carpentry (Table 4.6).  
Compared to workers who joined the union after the start of the study follow-up, workers with 
prevalent union entry had a higher number of hours worked by the end of the follow up period, 
were younger when they joined the union, were older at the time of injury and had more years in 
the union at the time of injury.  Prevalent members were older and had more years in the union at 
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entry into the study cohort, and they exhibited a much larger range of years in the union at cohort 
entry compared to incident members.  As expected, the proportion of workers and worker-hours 
that were described as prevalent declined over calendar time (Figures 4.5 and 4.6) and increased 
with increasing age and time in the union (Table 4.7). 
 
Prevalent members had lower rates of work-related injury (both overall and with paid lost 
time) during much of the study period time, although the absolute difference between the rates 
declined over calendar time (Figures 4.7 and 4.8).  Compared to the original analysis examining 
rates of injury by worker gender, age and time in the union for prevalent and incident members 
combined, an analysis restricted to incident hires suggests a stronger relationship between work-
related injuries and time in the union.  Specifically, in an analysis restricted to incident members, 
rates of injury among drywall installers with 2 to <4 years in the union were 67% higher than rates 
among drywall installers with 10 to <20 years in the union (Note: No incident members had 20+ 
years in the union).  Analogous results from the original analysis of prevalent plus incident 
members suggested the rates were 18% higher (see Tables 4.1 and 4.7).  
 
Discussion 
 
In these stratified analyses, we observed several differences in the two subgroups of 
workers (i.e., prevalent members, incident members). Notably, prevalent members were younger 
when they joined the union, were older at the time of injury and had more years in the union at 
the time of injury - results that are in line with previous work [Applebaum KM, et al. 2007].   
 
Applebaum, et al. (2007) examined bias from the healthy worker survivor effect within a 
cohort of Vermont granite workers for which previous research had shown an increased risk of 
lung cancer mortality with increasing levels of cumulative silica exposure, with the exception of 
the highest exposure category.  The researchers re-examined the relationship between silica 
exposure and lung cancer mortality under various scenarios in which different proportions of 
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prevalent hires were included.  Reducing the proportion of prevalent hires in the study cohort 
produced results that were less biased by the healthy worker survivor effect, in particular by 
tempering the dampening effect this bias had on the relationship between silica dose and lung 
cancer mortality.  Our analyses suggest inclusion of prevalent hires may dampen the effect of 
time in the union on the rate of work-related injuries.  
 
With the exception of these stratified and restricted analyses, we did not seek here to 
control for the healthy worker survivor effect (or other forms of the healthy worker effect) on our 
examination of work-related injuries by worker characteristics or over time.  Several methods 
have been proposed to control for the healthy worker survivor effect, each with their own 
strengths and limitations [Arrighi HM and Hertz-Picciotto I 1994].  We acknowledge limitations of 
restricting the cohort to incident hires only, namely a loss of generalizability and statistical power 
to detect changes over categories of explanatory variables of interest.  Exclusion of prevalent 
members also decreased the range of time in the union observed in the study cohort.  
Furthermore, it is plausible that the healthy workers survivor effect is still present in the restricted 
sub-cohort [Arrighi HM and Hertz-Picciotto I 1994].   
 
The cohort of drywall installers was characterized by a lower proportion of prevalent 
union members compared to workers in other types of carpentry.  It is plausible that drywall 
installers were more likely than workers in other types of carpentry to sustain an injury and be 
unable to work.  In addition, trade- or industry-mobility may be greater among drywall installers 
(and perhaps among those who are more susceptible to the adverse effects of work tasks) than 
their carpentry counterparts.  Such mobility would likely be in the direction of a less hazardous 
trade or industry.  Through interviews with trade experts, we learned that currently about two-
thirds of interior systems apprentices do not reach journeyman status for various reasons, 
including injury and moving to a different trade with lower physical demands.  Even within a trade, 
such as drywall installation, however, prevalent hires may also include a larger proportion of 
workers who are in less hazardous types of work, such as a supervisory role.  In these data, we 
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unfortunately lacked much of the information needed to address these concerns, including 
individual work tasks or exposures, as well as carpenter mobility across union locals. 
 
We do acknowledge broader industry-wide changes around the time study follow-up 
began that could contribute to observed differences between prevalent and incident hires.  
Around the time study follow-up began, large construction companies started including safety and 
health performance as a measure in their process of pre-qualifying bidders [Welch LS, et al. 
2007].  Dramatic increases in WC costs were occurring as well.  Employers had considerable 
incentives to keep workers un-injured or, if injured, working in at least a restricted capacity.  
Incident members were therefore joining the union during a time where there was a renewed 
focus on workplace safety and injury management compared to prevalent members of the cohort.  
These industry changes may have attenuated differences that would have been observed 
between prevalent and incident hires had the focus on workplace safety been constant over time.  
Similarly, in previous work with this cohort, McCoy et al. (In press) suggest these safety and 
return-to-work programs may have had a greater effect on younger workers and workers with less 
experience.  If this was the case, effects of these programs may be more likely observed among 
incident hires who are younger and have fewer years of union tenure than their prevalent 
counterparts, again attenuating differences due to the healthy worker survivor effect alone. 
 
Observed differences between prevalent and incident members may also reflect, in part, 
differences in reporting of work-related injuries to the WC system among prevalent members 
compared to incident members.  Given differences between these two groups by age and time in 
the union, as well as likely differences with regard to history of a work-related injury, injury 
characteristics that influence reporting (e.g., acute versus chronic) and history of interacting with 
the WC system, it is plausible to assume reporting of work-related injury may be differential by 
member status (i.e., prevalent, incident).  Future work to examine this issue is needed, perhaps 
through consideration of patterns by injury severity and health care utilization as covered through 
these carpenters’ private health insurance. 
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Tables and Figures 
 
Figure 4.1. Crude rates of work-related injuries overall and 95% confidence intervals over 
calendar time, stratified by predominant type of work performeda, Washington State union 
carpenters, 1989-2008. 
 
 
a Predominant type of work is based on the union local to which the worker belongs. 
b “Other” includes residential building, roadway and bridge construction, pile-driving, and light and 
heavy commercial building.  
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Figure 4.2. Crude rates of work-related injuries with paid lost time and 95% confidence intervals 
over calendar time, stratified by predominant type of work performeda, Washington State union 
carpenters, 1989-2008.  
 
 
a Predominant type of work is based on the union local to which the worker belongs. 
b “Other” includes residential building, roadway and bridge construction, pile-driving, and light and 
heavy commercial building.  
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Table 4.1. Number of worker-hours, work-related injuries, crude injury rates, adjusted injury rate ratios and 95% 
confidence intervals, stratified by worker characteristics and type of work performed, Washington State union 
carpenters, 1989-2008. 
                    
# hours 
worked
# 
injuries Ratea
# hours 
worked
# 
injuries Ratea
Gender
Male 36,507,212 6,048 33.1 1.00 150,588,702 19,887 26.4 1.00
Female 151,378 16 21.1 0.60 (0.33-1.08) 2,917,226 621 42.6 1.47 (1.31-1.64)
Age in years
<25 3,350,814 630 37.6 1.06 (0.93-1.19) 7,556,415 1,419 37.6 1.11 (1.01-1.21)
25 to <35 12,136,436 2,211 36.4 1.06 (0.98-1.14) 37,859,890 6,033 31.9 1.07 (1.02-1.13)
35 to <45 13,030,821 2,170 33.3 1.00 53,435,244 7,091 26.5 1.00
45 to <55 6,889,499 863 25.1 0.80 (0.72-0.89) 40,631,886 4,339 21.4 0.88 (0.82-0.93)
55+ 1,250,018 190 30.4 1.01 (0.84-1.23) 14,010,908 1,625 23.2 0.99 (0.91-1.08)
Years in union 
up to 2 5,696,882 1,000 35.1 0.86 (0.77-0.96) 18,442,770 3,424 37.1 1.04 (0.97-1.12)
2 to <4 4,031,688 823 40.8 1.00 15,058,616 2,673 35.5 1.00
4 to <6 3,510,588 651 37.1 0.91 (0.80-1.03) 12,704,833 1,968 31.0 0.88 (0.81-0.96)
6 to <8 3,352,459 527 31.4 0.78 (0.68-0.89) 11,706,893 1,577 26.9 0.78 (0.71-0.85)
8 to <10 3,079,128 497 32.3 0.81 (0.70-0.93) 10,733,944 1,353 25.2 0.73 (0.67-0.81)
10 to <20 10,483,684 1,731 33.0 0.85 (0.77-0.95) 44,388,715 5,302 23.9 0.71 (0.67-0.77)
20+ 6,518,826 837 25.7 0.73 (0.63-0.84) 40,786,510 4,276 21.0 0.67 (0.62-0.73)
a Per 200,000 w orker-hours
b Controlling for w orker gender, age and time in the union
c Separate models run for each covariate (gender, age, time in the union), w ith interaction terms included to calculate stratum-specif ic IRRs. 
Models control for w orker gender, age and time in the union. Models scaled to set Pearson chi-square/degrees of freedom=1.
Adjusted IRR 
(95% CI)b
Adjusted IRR 
(95% CI)b
Drywall installers Other carpenters
 
 
Table 4.2. Frequencies (n)a, ratesb and 95% confidence intervals (CI) of work-related injuries, and proportion with paid lost 
time (PLT), stratified by whether drywall material was considered a contributing factorc in the injury event and by  
mechanism, nature and body part affected, union drywall installers, Washington State, 1989-2008.   
 
(continued) 
  
All PLT
injuries n n
Mechanism
Struck against 920 81 83 0.45 (0.37-0.56) 15 (18.1) 837 4.56 (4.27-4.88) 66 (7.9)
Struck by 1,198 115 195 1.06 (0.92-1.22) 26 (13.3) 1,003 5.47 (5.14-5.82) 89 (8.9)
Rubbed, abraded, jarred 631 16 54 0.29 (0.23-0.38) 1 (1.9) 577 3.15 (2.90-3.41) 15 (2.6)
Fall on same level 273 94 34 0.19 (0.13-0.26) 17 (50.0) 239 1.30 (1.15-1.48) 77 (32.2)
Fall from elevation 454 184 41 0.22 (0.16-0.30) 20 (48.8) 413 2.25 (2.05-2.48) 164 (39.7)
Bodily reaction 348 113 35 0.19 (0.14-0.27) 9 (25.7) 313 1.71 (1.53-1.91) 104 (33.2)
Overexertion 1,637 626 704 3.84 (3.57-4.13) 294 (41.8) 933 5.09 (4.77-5.43) 332 (35.6)
Other mechanismsd 293 36 28 0.15 (0.11-0.22) 3 (10.7) 265 1.45 (1.28-1.63) 32 (12.1)
NEC/Unknowne 312 72
Nature of injurya
Sprain, strain, tear 2,005 688 652 3.56 (3.29-3.84) 250 (38.3) 1,353 7.38 (7.00-7.78) 438 (32.4)
Cut, laceration 1,636 86 167 0.91 (0.78-1.06) 10 (6.0) 1,469 8.01 (7.61-8.43) 76 (5.2)
Bruise, contusion 459 76 74 0.40 (0.32-0.51) 15 (20.3) 385 2.10 (1.90-2.32) 61 (15.8)
Fracture 194 103 22 0.12 (0.08-0.18) 15 (68.2) 172 0.94 (0.81-1.09) 88 (51.2)
Abrasion, scratch 668 11 54 0.29 (0.23-0.38) 2 (3.7) 614 3.35 (3.09-3.62) 9 (1.5)
Ill-defined 298 119 74 0.40 (0.32-0.51) 29 (39.2) 224 1.22 (1.07-1.39) 90 (40.2)
Musculoskeletal disorders 129 38 24 0.13 (0.09-0.20) 7 (29.2) 105 0.57 (0.47-0.69) 31 (29.5)
Multiple 134 39 28 0.15 (0.11-0.22) 12 (42.9) 106 0.58 (0.48-0.70) 27 (25.5)
Other naturef  297 143 73 0.40 (0.32-0.50) 45 (61.6) 224 1.22 (1.07-1.39) 98 (43.8)
NEC/Unknowne 303 43
All injuries PLT All injuries PLT injuries
Total number Drywall material considered to be a 
contributing factor to the injury event
Drywall material considered to not be a 
contributing factor to the injury eventof injuries
injuries Rate (95% CI) n (%) Rate (95% CI) n (%)
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Table 4.2 (continued) 
All PLT
injuries n n
Body part affecteda
Eye(s) 737 9 54 0.29 (0.23-0.38) 1 (1.9) 683 3.72 (3.46-4.01) 8 (1.2)
Neck 256 81 91 0.50 (0.40-0.61) 33 (36.3) 165 0.90 (0.77-1.05) 48 (29.1)
Shoulder 353 145 127 0.69 (0.58-0.82) 55 (43.3) 226 1.23 (1.08-1.40) 90 (39.8)
Back 1,123 421 412 2.25 (2.04-2.47) 155 (37.6) 711 3.88 (3.60-4.17) 268 (37.7)
Other trunk 217 65 53 0.29 (0.22-0.38) 19 (35.8) 164 0.89 (0.77-1.04) 46 (28.0)
Elbow(s) 171 53 50 0.27 (0.21-0.36) 20 (40.0) 121 0.66 (0.55-0.79) 33 (27.3)
Wrist(s) 311 101 54 0.29 (0.23-0.38) 24 (44.4) 257 1.40 (1.24-1.58) 77 (30.0)
Finger(s) 969 66 141 0.77 (0.65-0.91) 15 (10.6) 828 4.52 (4.22-4.83) 51 (6.2)
Hand(s) 445 51 53 0.29 (0.22-0.38) 11 (20.8) 392 2.14 (1.94-2.36) 40 (10.2)
Other arm(s) 231 29 37 0.20 (0.15-0.28) 10 (27.0) 194 1.06 (0.92-1.22) 19 (9.8)
Knee(s) 344 143 47 0.26 (0.19-0.34) 25 (53.2) 297 1.62 (1.45-1.81) 118 (39.7)
Ankle(s) 134 43 12 0.07 (0.04-0.12) 3 (25.0) 122 0.67 (0.56-0.79) 40 (32.8)
Foot(feet) 165 31 18 0.10 (0.06-0.16) 7 (38.9) 147 0.80 (0.68-0.94) 24 (16.3)
Multiple body parts 375 133 106 0.58 (0.48-0.70) 49 (46.2) 269 1.47 (1.30-1.65) 84 (31.2)
Otherg 466 59 44 0.24 (0.18-0.32) 8 (18.2) 422 2.30 (2.09-2.53) 51 (12.1)
NEC/Unknowne 75 2
f Includes natures of injury making up less than 2% of injuries overall: dislocation, burn, hearing loss, hernia, concussion, nervous system disorders
g Includes body parts affected in less than 2% of injuries overall: ear(s), face, other head, other upper extremities, other leg, other low er extremities, 
body systems
Total number Drywall material considered to be a 
contributing factor to the injury event
Drywall material considered to not be a 
contributing factor to the injury eventof injuries
All injuries PLT All injuries PLT injuries
injuries Rate (95% CI) n (%) Rate (95% CI) n (%)
a Injuries w ith multiple natures or body parts affected w ere allow ed up to three codes for these categories, w ith one being "multiple"
b Rates are per 200,000 w orker-hours
c Defined using ANSI/OIICS source of injury codes and review  of injury narrative text
d Includes mechanisms of injury making up less than 2% of injuries overall: caught in/crushed/compressed, contact w ith electric current, contact w ith 
temperature extremes, contact w ith toxin, transportation accidents and noise
e NEC=Not elsew here classif ied
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Table 4.3. Among drywall installers, number of worker-hours and work-related injuries in which 
drywall material was considered to be a contributing factor, with proportion with paid lost time, 
crude injury ratesa, adjusted incidence rate ratios (IRR) and 95% confidence intervals (CI), 
workers' compensation claims data, Washington State union carpenters, 1989-2008.   
 
  
Hours 
worked
# 
injuries
% with 
paid lost 
time
Crude 
ratea
Crude 
ratea
Gender
Male 36,507,212 1,191 32.8 6.5  -- 2.1  --
Female 151,378 2 0.0 2.6  -- 0.0  --
Age in years
<25 3,350,814 97 15.5 5.8 0.72 (0.57-0.92) 0.9 0.29 (0.20-0.42)
25 to <35 12,136,436 447 28.9 7.4 0.94 (0.82-1.08) 2.1 0.71 (0.61-0.84)
35 to <45 13,030,821 465 37.6 7.1 1.00 2.7 1.00
45 to <55 6,889,499 161 37.3 4.7 0.73 (0.60-0.88) 1.7 0.72 (0.59-0.89)
55+ 1,250,018 23 52.2 3.7 0.61 (0.39-0.94) 1.9 0.85 (0.57-1.26)
Years in union 
up to 2 5,696,882 179 26.8 6.3 1.25 (0.96-1.63) 1.7 1.26 (0.94-1.68)
2 to <4 4,031,688 168 32.1 8.3 1.61 (1.24-2.10) 2.7 1.83 (1.39-2.42)
4 to <6 3,510,588 142 27.5 8.1 1.53 (1.17-1.99) 2.2 1.40 (1.04-1.88)
6 to <8 3,352,459 110 36.4 6.6 1.22 (0.92-1.61) 2.4 1.40 (1.05-1.87)
8 to <10 3,079,128 116 29.3 7.5 1.39 (1.06-1.83) 2.2 1.25 (0.93-1.68)
10 to <20 10,483,684 331 36.0 6.3 1.17 (0.94-1.46) 2.3 1.19 (0.95-1.50)
20+ 6,518,826 147 38.8 4.5 1.00 1.7 1.00
a Injuries per 200,000 w orker-hours
b Defined through analyses of ANSI/OIICS codes and injury narrative text
c Paid lost time occurs after the third lost day of w ork in Washington State
d Poisson regression model, adjusted for age and years in the union
e Scaled to set Pearson chi-square/degrees of freedom = 1
Drywall material was considered to be a contributing factor b
All injuries Paid lost time injuriesc
(n=1,193) (n=391)
Adjusted IRR 
(95% CI)d
Adjusted IRR 
(95% CI)d,e
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Table 4.4. Among drywall installers, number of worker-hours and work-related injuries in which 
drywall material was considered to not be a contributing factor, with proportion with paid lost time, 
crude injury ratesa, adjusted incidence rate ratios (IRR) and 95% confidence intervals (CI), 
workers' compensation claims data, Washington State union carpenters, 1989-2008.   
Hours 
worked
# 
injuries
% with 
paid lost 
time
Crude 
ratea
Crude 
ratea
Gender
Male 36,507,212 4,857 19.4 26.6  -- 5.2  --
Female 151,378 14 7.1 18.5  -- 1.3  --
Age in years
<25 3,350,814 533 11.3 31.8 1.15 (0.99-1.34) 3.6 0.58 (0.43-0.79)
25 to <35 12,136,436 1,764 16.3 29.1 1.09 (0.99-1.20) 4.7 0.77 (0.65-0.91)
35 to <45 13,030,821 1,705 22.1 26.2 1.00 5.8 1.00
45 to <55 6,889,499 702 25.4 20.4 0.83 (0.73-0.94) 5.2 1.00 (0.82-1.22)
55+ 1,250,018 167 25.7 26.7 1.12 (0.89-1.41) 6.9 1.42 (1.01-2.00)
Years in union 
up to 2 5,696,882 821 15.3 28.8 1.15 (0.97-1.36) 4.4 1.26 (0.94-1.67)
2 to <4 4,031,688 655 17.1 32.5 1.31 (1.10-1.56) 5.6 1.54 (1.16-2.05)
4 to <6 3,510,588 509 17.7 29.0 1.19 (0.99-1.42) 5.1 1.36 (1.01-1.83)
6 to <8 3,352,459 417 18.7 24.9 1.03 (0.86-1.24) 4.7 1.18 (0.87-1.60)
8 to <10 3,079,128 381 24.7 24.7 1.04 (0.87-1.25) 6.1 1.51 (1.13-2.00)
10 to <20 10,483,684 1,400 20.6 26.7 1.17 (1.02-1.34) 5.5 1.26 (1.01-1.57)
20+ 6,518,826 690 22.9 21.2 1.00 4.8 1.00
a Injuries per 200,000 w orker-hours
b Defined through analyses of ANSI/OIICS codes and injury narrative text
c Paid lost time occurs after the third lost day of w ork in Washington State
d Poisson regression model, adjusted for age and years in the union
e Scaled to set Pearson chi-square/degrees of freedom = 1
(n=4,873) (n=946)
Adjusted IRR 
(95% CI)d,e
Adjusted IRR 
(95% CI)d
Drywall material was considered to not be a contributing factor b
All injuries Paid lost time injuriesc
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Table 4.5. Among drywall installers, crude rates, adjusteda incidence rate ratios (IRR) and 95% 
confidence intervals (CI) of work-related injuries by worker age and time in the union, stratified by 
the source of injury, Washington State union carpenters, 1989-2008. 
 
  
Crude 
rate
Crude 
rate
Crude 
rate
Age in years
<35 1.9 1.02 (0.77-1.36) 0.43 0.68 (0.41-1.13) 3.8 0.86 (0.81-0.92)
35 to <45 1.5 1.00 0.48 1.00 4.4 1.00
45+ 0.81 0.59 (0.39-0.88) 0.27 0.67 (0.34-1.30) 2.9 0.68 (0.63-0.73)
Years in union 
<4 2.2 1.72 (1.24-2.41) 0.51 1.95 (1.06-3.58) 3.6 0.95 (0.88-1.02)
4 to <10 1.6 1.24 (0.89-1.73) 0.50 1.80 (1.02-3.19) 4.4 1.14 (1.07-1.21)
10+ 1.1 1.00 0.29 1.00 3.7 1.00
Age in years
<35 12.8 1.29 (1.15-1.44) 3.5 1.03 (0.73-1.45) 4.7 0.82 (0.65-1.05)
35 to <45 9.1 1.00 3.4 1.00 5.9 1.00
45+ 6.1 0.69 (0.59-0.80) 3.8 1.11 (0.78-1.59) 4.5 0.73 (0.56-0.96)
Years in union 
<4 13.2 1.27 (1.11-1.44) 3.3 0.94 (0.63-1.39) 5.3 1.01 (0.77-1.32)
4 to <10 10.6 1.07 (0.94-1.21) 3.8 1.07 (0.75-1.53) 4.3 0.79 (0.61-1.03)
10+ 7.9 1.00 3.6 1.00 5.4 1.00
a Poisson regression models, adjusted for w orker age and time in the union
b Defined through analyses of ANSI/OIICS codes and injury narrative text 
Drywall material was considered to not be a contributing factorb
Drywall material was considered to be a contributing factorb
Struck by/against Fall Overexertion
Adjusted IRR 
(95% CI)
Adjusted IRR 
(95% CI)
Adjusted IRR 
(95% CI)
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Figure 4.3.  Among drywall carpenters, standardized injury rate ratios and 95% confidence 
intervals of observed rates of injury over time in which drywall material was a contributing factor, 
compared to expected rates (based on injuries of a similar mechanism in which drywall material 
was not a contributing factora), Washington State union carpenters, 1989-2008.   
 
 
a Poisson regression models, created separately for each mechanism, employed an offset natural 
log (worker-hours x rate of injuries not related to drywall material).  The reference time period is 
1989-1992. 
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Figure 4.4.  Graphical representation of the cohort by date of union entry.  Members 1 through 4 
represent carpenters who were a part of the study cohort, where members 1 and 2 represent 
“prevalent union carpenters” and members 3 and 4 represent “incident union carpenters.”  
Members 5 and 6 were not included in the study cohort, as data were missing on the member 
altogether (as in member 5) or they left the union through an unknown means (e.g., voluntarily, 
death) prior to meeting study cohort entry criteria (as in members 6 and 7).  
 
 
  
September October November December January February March April
Member 1988 1988 1988 1988 1989 1989 1989 1989
1
Worked 
union 
hours (?)
Worked 
union 
hours (?)
Worked 
union 
hours (?)
Worked 
union 
hours (?)
Worked 
union 
hours 
Worked 
union 
hours 
Worked 
union 
hours 
Worked 
union 
hours 
2
Worked 
union 
hours (?)
Worked 
union 
hours 
Worked 
union 
hours 
Worked 
union 
hours 
Worked 
union 
hours 
3
Worked 
union 
hours 
Worked 
union 
hours 
Worked 
union 
hours 
Worked 
union 
hours 
4
Worked 
union 
hours 
Worked 
union 
hours 
Worked 
union 
hours 
5
Worked 
union 
hours (?)
Worked 
union 
hours (?)
Worked 
union 
hours (?)
No longer 
a union 
member
6
Worked 
union 
hours (?)
Worked 
union 
hours
Worked 
union 
hours 
No longer 
a union 
member
7
Worked 
union 
hours 
Worked 
union 
hours 
No longer 
a union 
member
(?) Represents unknown hours worked
Represents the 
month the carpenter 
joined the union
Represents the month the 
carpenter met study cohort 
eligibility
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Figure 4.5.  The proportion of union drywall carpenters who joined the union prior to the start of 
study follow-up, by year, Washington State union carpenters, 1989-2008. 
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Figure 4.6.  The proportion of worker-hours contributed by union drywall carpenters who joined 
the union prior to the start of study follow-up, by year, Washington State union carpenters, 1989-
2008. 
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Table 4.6.  Stratified by the predominant type of work performed, worker characteristics by prevalent versus  
incident union entrya, Washington State union carpenters, 1989-2008. 
 
Prevalent Incident Prevalent Incident
n=1,157 n=3,916 n=6,154 n=11,708
Percent of members that are prevalent 23% 34%
Hours worked 16,574,099 20,111,357 81,840,829 72,028,347
   Average number of hours per worker 14,325 5,136 13,299 6,152
   Percent of hours from prevalent members 45% 53%
Work-related injuries (n) 3,062 3,004 10,872 9,701
   Age at injury (SD) 39.9 (8.6) 32.8 (8.1)b 43.1 (9.7) 35.3 (8.8)b
   Union years at injury (SD) 15.4 (8.4) 4.9 (4.1)b 17.8 (9.6) 4.7 (4.0)b
   Proportion of injuries from prevalent members 50% 53%
Work-related injuries with paid lost time (n) 771 566 2,061 1,521
   Age at injury (SD) 40.6 (8.4) 35.3 (8.2)b 43.1 (9.6) 36.7 (8.6)b
   Union years at injury (SD) 15.5 (8.4) 5.3 (4.2)b 17.5 (9.7) 4.2 (3.9)b
   Proportion of injuries from prevalent members 58% 58%
Average year of union entry (SD) 1979 (8) 2001 (6)b 1975 (10) 1999 (6)b
Average age at union entry (SD) 25.1 (5.9) 28.6 (7.8)b 25.9 (6.2) 31.6 (8.9)b
Average age at cohort entry (SD, range) 36.5 29.3b 40.8 32.3b
(9.2, 18.4-66.9) (7.9, 17.3-65.9) (10.5, 17.6-76.3) (8.9, 17.4-74.2)
Average years in union at cohort entry (SD, range) 11.4 0.7b 14.8 0.7b
(8.6, 0.7-43.1) (1.5, 0.0-14.3) (9.9, 0.7-48.7) (1.4, 0.0-17.0)
n=frequency; SD=standard deviation
bP-value of mean difference betw een prevalent and incident union entry groups (w ithin predominant type of w ork) < 0.0001
aThe cohort w as divided initially into tw o groups: (a) w orkers w ho joined the union prior to the beginning of the study follow -up ("prevalent") and 
(b) w orkers w ho joined the union after the beginning of the study follow -up ("incident"). 
Drywall carpenters Other carpenters
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Figure 4.7.  Rates of work-related injury over time stratified by union entry status (prevalent 
verses incident), with 95% confidence intervals, Washington State union carpenters, 1989-2008. 
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Figure 4.8.  Rates of work-related injury with paid lost time over time stratified by union entry 
status (prevalent verses incident), with 95% confidence intervals, Washington State union 
carpenters, 1989-2008. 
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    Table 4.7.  Number of worker-hours, work-related injuries, crude injury rates, adjusted injury rate ratios and 95% confidence intervals,  
    stratified by worker characteristics and type of work performed, Washington State union carpenters who joined the union in 1989 or later,  
    Washington State union carpenters, 1989-2008. 
                   
# hours 
worked
# 
injuries Ratea
# hours 
worked
# 
injuries Ratea
Gender
Male 45.2 19,995,775 2,988 29.9 1.00 53.5 69,951,639 9,260 26.5 1.00
Female 36.3 96,439 14 29.0 0.91 (0.48-1.73) 34.7 1,903,720 410 43.1 1.55 (1.36-1.77)
Age in years
<25 7.3 3,105,598 548 35.3 1.07 (0.93-1.23) 10.8 6,738,850 1,154 34.2 1.04 (0.95-1.15)
25 to <35 27.2 8,837,213 1,365 30.9 1.03 (0.92-1.14) 28.8 26,949,965 3,947 29.3 1.03 (0.97-1.10)
35 to <45 53.0 6,129,496 836 27.3 1.00 53.7 24,727,114 3,166 25.6 1.00
45 to <55 72.8 1,871,650 230 24.6 0.95 (0.80-1.14) 72.0 11,358,123 1,179 20.8 0.87 (0.80-0.96)
55+ 88.2 147,464 23 31.2 1.22 (0.74-2.02) 85.3 2,066,083 223 21.6 0.96 (0.80-1.15)
Years in union 
up to 2 4.1 5,463,868 929 34.0 0.93 (0.82-1.05) 3.6 17,782,223 3,198 36.0 1.11 (1.03-1.19)
2 to <4 12.4 3,530,542 644 36.5 1.00 12.1 13,230,374 2,136 32.3 1.00
4 to <6 18.8 2,851,019 464 32.5 0.90 (0.78-1.04) 19.2 10,260,705 1,353 26.4 0.82 (0.75-0.9)
6 to <8 21.9 2,617,565 339 25.9 0.72 (0.61-0.85) 23.2 8,986,450 1,061 23.6 0.75 (0.68-0.83)
8 to <10 31.0 2,123,466 253 23.8 0.66 (0.56-0.80) 31.0 7,410,868 789 21.3 0.68 (0.61-0.76)
10 to <20 66.4 3,520,050 375 21.3 0.60 (0.51-0.71) 67.7 14,335,788 1,164 16.2 0.53 (0.48-0.58)
20+ 100.0 100.0
a Per 200,000 w orker-hours
b Controlling for w orker gender, age and time in the union
N/A N/A
N/A = Not applicable
Drywall installers Other carpenters
Adjusted IRRb 
(95% CI)
Adjusted IRRb 
(95% CI)
% hours 
prevalent 
(excluded)
% hours 
prevalent 
(excluded)
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CHAPTER 5 
 
CHARACTERISTICS OF AND CIRCUMSTANCES SURROUNDING WORK-RELATED 
INJURIES AMONG UNION DRYWALL CARPENTERS IN WASHINGTON STATE, 1989-2008: 
AN ANALYSIS OF INJURY NARRATIVES 
 
Overview 
 
Injury narratives have been used in occupational injury research to identify specific 
outcomes and provide circumstantial factors surrounding injury events.  The purpose of this 
analysis was to use injury narratives to provide a detailed description of injury events among 
drywall installers, a high-risk construction industry trade.  Data from the Carpenters Trusts of 
Western Washington and Washington State Department of Labor and Industries (L&I) were used 
to define a 20-year (1989-2008) cohort of union drywall installers in Washington State, as well as 
their workers’ compensation (WC) claims and injury event narratives.  To increase the specificity 
of the analyses, we manually coded injury event narratives and compared WC claim codes 
previously assigned by L&I to information gathered through the narratives.  The narratives 
provided information that was not gathered fully through an analysis of coded data alone, such as 
work task, the surface from which falls from elevation occurred and the occurrence of slips/trips.  
Specific areas of concern for falls included workers reaching off the side of a ladder or scaffold to 
work, overhead tasks, and stilts use.  Narratives did not routinely capture the height of falls, 
personal protective equipment use, weather conditions, work speed, influence of other 
workgroups on site, single- versus two-worker tasks, or specifics on the type of 
equipment/material involved.  Efforts to continue to understand, and ultimately prevent, drywall 
installers’ work-related injuries resulting from falls, struck by/against events and 
overexertion/bodily reaction events must recognize the diversity of circumstances surrounding 
such events.     
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Introduction 
 
Narrative text data have been recognized as a useful supplement to coded injury data in 
occupational injury research in the construction industry [Bondy J, et al. 2005, Dement JM, et al. 
2003, Lipscomb HJ, et al. 2003b, Lipscomb HJ, et al. 2004, Lombardi DA, et al. 2005, Shah S, et 
al. 2003].  Such data may allow for the identification of specific outcomes not captured through 
routinely assigned codes and provide details on circumstances surrounding injury events 
[McKenzie, et al. 2010, Sorock GS, et al. 1997].  For example, for a fall-related injury, the source 
of injury is often coded in the WC claim as the object to which the person fell (i.e., floor), and the 
coded mechanism of injury may provide limited event information (e.g., “fall from elevation,” “fall 
to a lower level”).  Analyses of injury narratives have the potential to provide event details, such 
as the surface from which the worker fell, the height of the fall or whether the worker slipped 
and/or was carrying heavy work materials, which may be useful in informing more specific injury 
prevention efforts. 
 
This study is focused on construction workers involved in drywall installation, a 
construction trade whose workers have high rates of work-related injury compared to their 
construction counterparts [Chiou SS, et al. 1997, Horwitz IB and McCall BP 2004, Lipscomb HJ, 
et al. 2000; Schoenfisch AL, et al. Under review].  Drywall installation is physically demanding 
and hazardous, and it primarily involves hanging large, heavy sheets of drywall to framed walls or 
ceilings in residential or commercial buildings.  
 
Using these injury narratives, the purpose of this study was to identify characteristics of 
and circumstances surrounding injury events.  This study focused on four high-frequency 
mechanisms of injury among drywall installers (i.e., falls from elevation, falls on the same level, 
struck by or against an object, overexertion/bodily reaction).  In addition, we sought to describe 
the utility of the narratives in terms of (1) completeness in providing specific pieces of information 
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about the circumstances of the injury event and (2) the ability of narratives to be used to provide 
injury event details beyond those captured through coded WC claims data alone.  A prior study 
provides a descriptive epidemiology of work-related injuries among union drywall installers in 
Washington State from 1989 through 2008 [Schoenfisch AL, et al. Under review].   
 
Methods 
 
Cohort data 
 
Administrative data files from the Carpenters Trusts of Western Washington (CTWW) 
were used to define a historical cohort of union carpenters in Washington State from 1989 
through 2008.  Details of the data files and eligibility criteria used to construct the cohort have 
been described [McCoy AJ, et al. In press, Schoenfisch AL, et al. Under review]  For the current 
analyses, the study cohort was restricted to workers belonging to a union local whose 
predominant type of work involved drywall installation.  These carpenters hang drywall in 
residential and commercial settings, but they do not apply tape/joint compound or sand. 
 
Workers’ compensation claims data and narrative text data 
 
The Washington State Department of Labor and Industries (L&I) provided WC claims for 
the 20-year study period, 1989 through 2008.  These claims were linked to the study cohort at the 
level of the worker, month and year using a blind worker identifier and date of injury.  Data 
elements available for each work-related injury included event date, number of paid lost days 
from work, body part affected, nature of the injury, type of event or exposure (i.e., mechanism) 
leading to the injury and source of the injury.  These last 4 variables used an American National 
Standards Institute (ANSI)-based coding scheme from 1989 through June 2005.  The 
Occupational Injury and Illness Classification System (OIICS) coding scheme was used from July 
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2005 and later.  Claims from self-insured employers were coded (ANSI/OIICS) if they resulted in 
paid lost time, occurring after the third lost day of work in Washington State.   
 
Injury event narratives, also provided by L&I, were available as a separate file, with a 
unique claim number used for matching.  A narrative could include (a) the workers’ description of 
the injury event, (b) the medical diagnosis (c) medical referrals to additional providers, (d) plan for 
rehabilitation/post-injury care, (e) amount of paid lost time and (f) the employer’s description of 
the injury event.  Narrative length ranged from 1 to 156 words (median: 27 words) overall, with a 
median of 9 words for workers’ descriptions alone. 
 
Coding of injury events 
 
Data extraction forms and linked data management tables were created in Microsoft 
Access [Microsoft Corporation 2010] for each injury mechanism analyzed.  Initial coding 
categories were formulated based on potential mechanism-specific contributory factors as 
highlighted in the literature and through an initial review of the injury narratives (Table 5.1).  
Categories included worker activity; tool, equipment and/or assistive device used; and 
malfunction of tool, equipment and/or assistive device.  For fall-related injuries, the surface from 
which the worker fell and the height of the fall were also coded.  All categories included an ‘Other’ 
option with a text descriptor field. 
 
All coding of the injury events was performed manually.  The process was iterative; as 
changes were incorporated into the data extraction tools, previously hand-coded events were re-
reviewed for information specific to the new information to be extracted.  Given the large number 
of overexertion (n=1,637) and struck by/against events (n=2,118), full characterization of these 
events were limited to those with paid lost time (n=626 and n=196, respectively).   
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Analyses 
 
Following coding of the injury events, descriptive statistics were generated to address 
characteristics of and circumstances surrounding these work-related injuries.  The proportion of 
narratives containing information on various factors (e.g., the surface from which the worker fell, 
the height of the fall, the task being performed) was described.  Finally, ANSI/OIICS codes 
assigned to the claims were compared to information gathered through the injury narratives; 
because claims from self-insured employers were only assigned ANSI/OIICS codes if they 
resulted in paid lost time, these analyses were limited to injuries with paid lost time.  Narrative text 
analyses utilized Microsoft Access [Microsoft Corporation 2010] for coding and SAS 9.1 [SAS 
Institute Inc. 2002-2004] for generation of descriptive statistics.   
 
Results 
 
The study cohort was comprised of 5,073 workers who belonged to a union local with a 
predominant type of work of drywall installation.  These workers, including their time at risk and 
injury epidemiology, have been described in detail previously [Schoenfisch AL, et al. Under 
review].  Briefly, from 1989 through 2008, drywall installers contributed a total of 36,673,255 
union work hours, and 6,066 work-related injuries were accepted through WC for an overall rate 
of 33.1 work-related injuries per 200,000 worker-hours.  Drywall material was considered to be a 
contributing factor in one-fifth (19.7%; n=1,193) of these injuries.  Common injury mechanisms 
were struck by/against (36%), overexertion/bodily reaction (33%) and falls (12%).   
 
Injury narratives were available and provided sufficient information for abstraction for 
88.4% of the drywall installers’ injury events within the mechanisms considered in these analyses, 
and this proportion did not vary by the mechanisms examined (p=0.9532).  
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Falls from elevation 
 
Two-thirds (n=399/642) of falls among these drywall installers occurred from elevation.  
The surface from which falls from elevation occurred was described in 96.0% (n=383/399) of the 
injury events.  The work task was described in 17.5% (n=70/399) of falls from elevation events 
and often included drywall hanging (n=19), drilling/screwing (n=11), and/or moving material 
(n=14) (Figure 5.2).  Injury narratives highlighted situations in which workers were reaching (e.g., 
off the side of the scaffold) or twisting (e.g. while on a ladder) with material in hand, followed by 
the worker slipping, falling off the edge of the surface, or the surface collapsing.  There were also 
examples of scaffolds tipping backward and ladders tipping or buckling against the force of the 
worker pushing into a screw while drilling.  In 5.3% (n=21/399) of fall from elevation events, the 
worker was performing work overhead, and an injury was sustained typically following 
collapse/movement of the surface on which the worker was standing or the worker walking off the 
edge of an elevated surface. 
 
Additional injuries from falls - both from elevation and on the same level - involved the 
worker attempting to prevent his/her fall (n=12) (e.g., grabbed metal stud) or coming in contact 
with an object in the process of falling (n=33) (e.g., fell through a wall, fell through scaffold and hit 
planks on the way down).  Nearly 10% of all falls (n=63/642) occurred while the worker was on 
stilts, and they were often preceded by a slip or trip (55.6%; n=35/63).  Other stilt-related falls 
followed walking on stilts on uneven terrain, putting stilts on/off, coming into contact with a door 
frame while on stilts, and reaching while on stilts with materials in hand.  
 
Falls from a scaffold or ladder: Falls from elevation most often occurred from a scaffold 
(32.6%; n=125/383) (Figure 5.1).  The height of the fall, indicated in 28.0% (n=35/125) of falls 
from scaffolds, averaged 5.3 feet (standard deviation (SD) 2.6, range 2 to 16 feet), with two falls 
of 10 feet or more.  The type of scaffold was indicated in only 9.6% of these events (n=12/125), 
either as a scaffold that rolled or a “Perry” scaffold (i.e., with wheels).   
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In 44.0% (n=55) of falls from scaffolds, collapse or movement of the scaffold was 
suggested to contribute to the event, particularly following plank(s) shifting, slipping out of the 
frame, or breaking under weight of the worker and/or materials (n=21), or the scaffold tipping or 
slipping out from under the worker (n=14).  In two cases, the scaffold was set up in a stairwell 
with planks supported by framing on one side, and planks inadvertently moved following contact 
by other workers in the stairwell.  In another two events, the scaffold collapsed after a wheel 
rolled over a surface edge.   
 
One-fifth of falls from elevation occurred from a ladder (20.6%; n=79/383). The height of 
the fall was indicated in 29.1% (n=23/79) of falls from ladders and averaged 5.4 feet (SD 4.0, 
range 1 to 20 feet).  Nearly half of these falls were from 6 feet or higher (47.8%; n=11/23).  The 
type of ladder was indicated in 13.9% (n=11/79) events and included “8-foot” (n=5), “6-foot” (n=1), 
“10-foot” (n=1), “extension” (n=2), “industrial” (n=1) and “roof access” (n=1).  In one-third of falls 
from ladders, the ladder was described as slipping/kicking out from under the worker (n=11), 
tipping/tilting/wobbling (n=7), breaking (n=6) or twisting (n=1).   
 
Among falls from scaffolds and ladders in which no failure of the device was indicated, 
one-third of the injury events (n=40/124) occurred while the worker was climbing on or off the 
equipment.  In 43% (n=17) of these events, the worker slipped (n=11) or missed a step (n=6) 
while climbing.  Twelve falls from scaffolds occurred after the worker stepped off of the edge of 
the scaffold.  In 4 events, the worker was injured after jumping off the scaffold or ladder.   
 
Falls from other surfaces: Additional falls from elevation occurred from stilts (12.8%; 
n=49/383), benches (7.0%; n=27/383) or stairs (5.7%; n=22/383).  Seven percent (n=28/383) of 
falls from elevation occurred when the worker fell into an opening in the ground level, often a hole 
in the floor or a ditch.  In half of these events (n=12) the opening was described as unmarked 
and/or not properly covered.  The height of the fall was mentioned in only 10.3% (n=13) of these 
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events.  Notably, these events included an 8-foot and a 9-foot fall from stilts (indicating the worker 
fell beyond the work surface), as well as a 16-foot fall and a 20-foot fall into an open area. 
 
Falls on the same level 
 
One-third (n=243/642) of falls among drywall carpenters were on the same level.  The 
task in which the worker was engaged prior to the fall was described in 31.7% (n=77/243) of falls 
on the same level (Figure 5.2).  In 71.4% of these events (n=55/77), the worker was moving work 
material, and this often involved the worker carrying the work material (61.8%; n=34/55).  In the 
majority of these events, the worker slipped/tripped (79.4%; n=27/34) while carrying the material.  
Drywall sheets (n=12) were most commonly described as the material being carried.   
 
Two-thirds (n=164/243) of falls on the same level were preceded by a slip/trip.  The 
object or surface condition on which the worker slipped was described in n=62/89 (69.7%) of the 
events and included a wet or slippery surface (n=32) (e.g., water, ice, oil, taping mud) or a small 
object (n=21) (e.g., conduit, screw, stud, bolt).  Objects contributing to trips were described in 
73.3% (n=55/75) of such events, and they commonly included a wire, cable, cord or hose (n=16), 
small object on the floor (n=8) (e.g., conduit, bolt) or debris (n=4).  In some events (n=4) the 
slip/trip occurred while the worker was working overhead. 
 
Struck by/against 
 
Among struck by/against injuries with paid lost time, the object the worker was struck by 
or struck against was identified in a majority of the injury descriptions (88.4%; n=152/172) and 
included metal stud/frame (n=30/172; 17.4%), drywall material (n=24/172; 14.0%), a tool 
(n=12/172; 7.0%) or a screw/nail (n=11/172; 6.4%).  In three events, a worker was struck by a 
moving cart of building materials.   
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In 28.5% of struck by/against events with paid lost time (n=49), the event involved an 
object falling on the worker.  In about half of these events, the object was identified as drywall 
material (36.7%, n=18/49) or some other panel/tile (12.2%, n=6/49).  Slippage of an object was a 
contributory factor in 8.1% (n=14/172) of struck by/against events with paid lost time and included 
a fastening tool slipping off a fastener (e.g., screw gun slipping off the screw) (n=8), a cutting tool 
slipping from the surface (e.g., a knife slipping while the worker was cutting drywall) (n=3), and a 
sheet of drywall slipping out of a worker’s grasp (n=3). Additional struck by/against injuries with 
paid lost time occurred in conjunction with a worker attempting to break his/her fall (n=7; 4.1%) or 
coming into contact with an object during a fall (n=10, 5.8%).  
 
The work task in which the worker was engaged when the struck by/against event 
occurred was identified in about half of the narratives (n=90/172) and commonly included moving 
material (e.g., lifting, carrying, pushing, pulling, stacking) (n=31), hanging drywall (n=15), 
fastening material (n=12) and cutting material (n=10) (Figure 5.2).  Overhead work was described 
in 5.2% of the struck by/against events and often involved material (e.g., drywall lid, ceiling 
framing) falling onto the worker.  Five struck by/against events occurred during demolition work.  
Task-based worker movements led to unintentional worker contact with a stationary object in 
14.5% (n=25) of events and commonly included injuries to the upper extremities during 
unloading, stocking, screwing, carrying material and hanging drywall (n=14).   
 
Overexertion/bodily reaction 
 
Among overexertion/bodily reaction injuries with paid lost time, the work task contributing 
to the injury was nearly always described (91.2%, n=506/555) and commonly included movement 
of work material or equipment (n=342), hanging drywall (n=89), fastening (e.g., hammering, 
screwing) (n=62), framing (n=12) and demolition work (n=8) (Figure 5.2).  Overhead work was 
indicated in 14.6% (n=81/555) of the overexertion/bodily reaction injury events. 
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The object contributing to the overexertion/bodily reaction injury was described in 90.1% 
(n=500/555) of the injury events.  In about half of these events, drywall material (54.2%, 
n=271/500) or some other panel/tile (2.4%, n=12/500) was implicated.  Other objects commonly 
mentioned included studs/track/metal frame (11.4%, n=57/500) and tools (15.8%, n=79/500).   
 
Sixty percent (n=143/240) of the lifting-related overexertion/bodily reaction injury events 
with paid lost time involved the lifting of drywall material.  In thirty-three (23.1%) of these events, 
worker movement such as twisting/turning (n=18), bending (n=10), and/or reaching (n=4) while 
lifting the drywall material was suspected to contribute to the injury event.  Three events in which 
the worker was lifting drywall involved a slip/trip.  Twists/turns and slips/trips were suspected to 
contribute to 25.0% and 13.9%, respectively, of overexertion/bodily reaction injury events with 
paid lost time in which the worker was carrying drywall material. 
  
In about ten percent (n=52/555) of the overexertion/bodily reaction injury events with paid 
lost time, physical space issues were suspected to contribute to the injury event.  These primarily 
included events in which the worker was lifting and/or hanging drywall material from a lift or 
scaffold (n=15) (sometimes reaching off of the elevated surface to lift and/or fasten the sheet in 
place), or in a tight space such as a stairwell (n=10), a bathroom (n=2) or elevator shaft (n=3).   
 
Drywall sheet type and size 
 
Drywall material was identified as a contributing factor in each of the mechanisms 
considered, and the proportion of injury events in which drywall material contributed varied by 
mechanism (Table 4.2).  Across all injury mechanisms considered, the size of the drywall sheet 
was described in 16.6% of the events in which it was considered a contributing factor.  Sheet 
sizes included standard dimensions (in feet) of 4-by-8, 4-by-10, and 4-by-12, specialty 
dimensions, and sheets used for more specific applications (e.g., 2-by-10 shaft wall sheets).   
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Comparison of ANSI/OIICS codes to information gathered in injury narratives 
 
Compared to the specific ANSI/OIICS mechanism of injury codes associated with falls 
from elevation, injury narratives provided comparable information on the surface from which the 
worker fell for a majority of events involving falls from a platform, from a ladder, from a vehicle, 
down/on stairs or from/through a roof (Table 5.2).   
 
As expected, most of the falls from elevation (93.7%, n=374/399) and falls on the same 
level (78.2%; n=190/243) were assigned an ANSI/OIICS primary source of injury code for “floor, 
walkway, or ground surface.”  One-quarter (n=94/374) of falls from elevation and 44.2% 
(n=84/190) of falls on the same level were also assigned an ANSI/OIICS secondary source of 
injury code for “floor, walkway, or ground surface.”  Other common ANSI/OIICS secondary source 
of injury codes included scaffold (n=48) and ladder (n=32) for falls from elevation.  Metal (n=32) 
and conductor/wire (n=10) were commonly coded as secondary sources for falls on the same 
level.   
 
Injury narratives provided details not captured in the ANSI/OIICS coding (Table 5.3), 
including whether the fall was preceded by a slip/trip, the object contributing to the slip/trip and 
(for events assigned an ANSI/OIICS secondary source of injury code for “floor, walkway, or 
ground surface”) the surface from which the worker fell.  Specifically, among falls coded simply as 
“from elevation” or “to a lower level,” the injury narratives were able to provide information on the 
surface from which the worker fell in 92.9% of events. 
 
Among injuries in which drywall material was considered a contributing factor, drywall 
material was coded as a primary or secondary source of injury (ANSI/OIICS) for 10% of fall-
related injuries, 41% of struck by/against injuries and 82% of overexertion/bodily reaction injuries.  
Among the subset of injuries determined to be related to drywall material based on injury 
narratives alone, primary source of injury codes varied by injury mechanism.  Injuries from falls 
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were often assigned primary sources codes of floors/walkways/ground surface (85%).  Common 
primary source codes for struck by/against events included cutting hand tools (32%), fasteners 
(16%) or building materials (15%). Finally, source codes commonly assigned to 
overexertion/bodily reaction injuries included tools/instruments/equipment (30%), wood/lumber 
(14%) or bodily motion (10%). 
 
Discussion 
 
In this report, injury narratives linked to WC claims were used to describe injury 
characteristics and circumstances surrounding injury events among a well-defined 20-year cohort 
of union drywall installers in Washington State.  Analyses focused specifically on four common 
injury mechanisms among drywall installers: falls from elevation, falls on the same level, struck 
by/against and overexertion. 
 
Fall prevention 
 
The prevention of falls in the construction industry has received considerable attention in 
terms of research and regulatory efforts over the past two decades, including the vertical fall 
protection standard for the construction industry in 1991 in Washington State and the national-
level revised Safety Standard for Fall Protection by the Occupational Safety and Health 
Administration (OSHA) promulgated in 1994 and effective in 1995.  For the latter, 29 Code of 
Federal Regulations (CFR) Part 1926 [US Department of Labor and Occupational Safety and 
Health Administration 1996] revisions were made specifically to Subpart M which covers fall 
prevention near unprotected/leading edges, hoist areas, holes and ramps/walkways, requiring 
worker fall protection (e.g., “the use of guardrail systems, safety net, systems, or personal fall 
arrest systems”) for surfaces 6 feet or more above a lower level.   
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Scaffolds were frequently identified in injury narratives and ANSI/OIICS codes as a 
source of falls from elevation.  Existing OSHA standards for scaffolds (Subpart L; with revisions 
implemented in 1997) and ladders (Subpart X) provide requirements related to load capacity, 
equipment set-up and (for scaffolds) dismantling, ascension/descent (including slip-resistant 
rungs on ladders and maintaining a clear landing area), slip-resistance (of equipment and 
worker), and use (e.g., keep area around ladder clear and out of way of other workers, use 
equipment on stable/non-slippery surfaces, make sure planks on scaffold are secure).  Many of 
these standards were cited in the injury narratives as contributing to the fall, suggesting a need 
for efforts (e.g., training, enforcement) to meet these standards in practice.  Notably, the height 
threshold for scaffolds under Subpart L at which worker fall protection is required is 10 feet.  We 
found that the average height of a fall from a scaffold resulting in a paid lost time injury was 5 
feet, with two of these falls at heights greater than 10 feet. 
 
We also observed fall-related injury events in which the worker’s center of gravity relative 
to that of the ladder or scaffold during a work task was suspected to contribute to the fall (e.g., 
holding drywall while reaching off the side of a ladder).  These areas of concern are not covered 
specifically by current national OSHA standards.  However, worker training on ladder use may 
incorporate safety practices that could prevent such injuries, including the “belt buckle” rule in 
which the worker is not to extend his/her belt buckle past the side rails of the ladder, as well as 
the “three points of contact” rule in which the worker must face the ladder and have two hands 
and one foot, or two feet and one hand in contact with the ladder during ascent or descent [Perry 
MJ and Ronk CJ 2010, Washington State Department of Labor & Industries and Division of 
Occupational Safety and Health 2009]. 
 
Stilts were used during drywall installation work and contributed to falls.  In line with 
previous research of stilt-related injuries among construction workers in Washington State from 
1996-2002 [Whitaker C 2006], many of these injuries resulted after the worker on stilts tripped 
over a work-related object (e.g., cord, piece of equipment) or slipped on a piece of metal/debris.  
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Stilts offer a worker considerable mobility for doing work at height and may reduce some physical 
stresses involved in the movement of heavier devices, such as ladders and scaffolds, throughout 
a building [Pan CS, et al. 2000].  However, in a simulation study by Wu et al. (2009), stilt use was 
shown to increase musculoskeletal loadings in five of eight major lower extremity muscle groups 
[Wu JZ, et al. 2009].  In line with the authors’ hypothesis that increased muscle loading may lead 
to faster muscle fatigue and increased slip/fall risk, other research [Pan CS, et al. 2000, Pan CS, 
et al. 1999b] suggests stilts are perceived by drywall installers and finishers as more hazardous 
than scaffolds or step ladders in terms of fall potential and physical demands of work performed.   
 
Handling of drywall sheets 
 
Drywall material was identified as a contributory factor for each of the mechanisms 
considered, often related to moving and fastening drywall sheets (sometimes with extreme 
postural demands) and working overhead.  Narratives revealed variability in the types and sizes 
of drywall sheets suspected to contribute to the injury event.  However, these details were often 
missing from event narratives.  NIOSH recommendations to prevent work-related overexertion 
and fall injuries among drywall installers include workers being knowledgeable about sheet 
weights and lifting techniques, having assistive devices available to transport/lift/hold drywall 
sheets, using two workers to perform tasks with heavier sheets, task rotation, frequent breaks, 
and proper storage of materials so they do not create hazards (e.g., from tripping) [National 
Institute for Occupational Safety and Health 2006].  Research is needed to evaluate the 
effectiveness of these prevention efforts on worksites.  Notably, as observed in this study, serious 
injury may result during the use of assistive devices, such as during the loading/unloading of 
materials or during transport.   
 
Physical and organizational conditions of the work area were suspected to contribute to 
drywall installers’ injuries examined in this study, notably space-related factors that contributed to 
falls and overexertion events.  For drywall installers, work in tight spaces such as small rooms 
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(e.g., bathrooms, closets) and in stairwells pose not only ergonomic challenges to workers, but 
they may also limit their ability to use recommended [National Institute for Occupational Safety 
and Health 2006] assistive devices such as drywall lifts.  We also found injury narratives valuable 
for identifying slip/trip hazards associated with falls.  Housekeeping concerns were suspected to 
contribute to slips/trips.  However, other hazards were identified that highlight the need for 
prevention approaches other than improved housekeeping.  For example, tool cords of variable 
lengths and diameters may extend through hallways and rooms in a building and contribute to 
worker slips/trips.  The use of cord trees or battery-powered tools may prevent such injuries.  
However, potential hazards with the use of such interventions, particularly battery-powered tools 
with their heavier weight, ability to increase the speed at which work is performed (perhaps 
increasing the risk of musculoskeletal injury) [Hecker SF, et al. 2006], expense and limited battery 
life, must be considered.  
 
Overhead work 
 
Overhead work was indicated in a small proportion of injury events in each of the 
mechanisms considered.  Hanging drywall overhead is perceived by workers to be more stressful 
than hanging drywall on walls in terms of fall potential, physical stress, and being struck 
by/against an object [Pan et al., 1999b].  Fastening of drywall sheets is repetitive and vibrational, 
and it requires the worker to exert force to grip the screw gun and drive the screw into the drywall 
and frame.  When performed overhead, the worker may use one arm to hold the drywall sheet 
overhead while screwing with the other.  Use of ergonomically-designed screw guns, drill stands 
and bolt gun waist belts have been suggested as possible approaches to preventing overhead 
drywall fastening-related injuries [Schneider S and Susi P 1994].  Overhead tasks may also 
require a worker to be looking up, thus contributing to tripping over objects on the floor or 
stepping off the side of an elevated work surface due to reduced visibility of the walking surface.  
Also, during ceiling installation, a worker’s center of gravity may be at or over the edge of a 
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scaffold surface (or off the side of a ladder) while holding/fastening a sheet of drywall in place, 
posing a fall hazard.   
 
Limitations and strengths 
 
The amount of information related to each injury event precluded the use of a more 
detailed abstraction tool, such as the Haddon matrix [Haddon W 1968, Haddon W 1972], to 
elucidate circumstances surrounding injury events.   The injury descriptions were also provided at 
different points in the injury follow-up time line (e.g., day of injury versus after worker incurred 
paid lost time) and were from different perspectives (e.g., employee, employer).  Narratives did 
not routinely capture pieces of information that may be particularly useful in evaluating regulatory 
efforts, such as the height fallen.  Also, the narratives were generally lacking information on 
whether the worker was using personal protective equipment (PPE), weather conditions, speed of 
the work, influence of other workgroups on site, whether the task was being performed by more 
than one worker, and specifics on the type of equipment used (e.g., frame scaffold versus mobile 
scaffold).  However, even if these data had been complete in their ascertainment of event details, 
narratives inherently lack information on the exposure of the population at risk to various hazards.   
 
Despite these limitations, the injury event narratives provided information about the 
circumstances of an event that were not (or could not be) captured with ANSI/OIICS codes alone, 
particularly with regard to worker tasks, the object from which falls from elevation occurred, slips 
and trips, and stilts.  The data extraction tools we developed were easy to use, flexible to 
accommodate revision as the coding process ensued, and facilitated the coding of data in a way 
that could be imported into statistical software for descriptive analysis.  Finally, these analyses 
were strengthened by the linkage of WC data, including the injury narratives, to data from the 
CTWW, allowing us to restrict our cohort to workers belonging to a union local predominantly 
performing drywall installation tasks.  A cohort of drywall installers is difficult to define and study 
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from an epidemiologic perspective, particularly in terms of the collection of information on 
potential risk factors.  
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Tables and Figures 
 
Table 5.1.  By injury mechanism, categories used to capture information about injury events, 
Washington State union drywall carpenters, 1989-2008. 
      
Falls (from elevation and on the same level) 
- Surface from which the worker fell 
- Whether the surface collapsed/moved  
    
If yes, whether the collapse/movement was secondary to the integrity of 
the object 
- Worker action (unintentional) preceding fall 
- Worker task at time of fall 
- 
Work tool/equipment/material involved in task suspected to contribute to the 
fall 
- Object on surface (walking and ground if atop a device) contributing to fall 
- Location of fall 
- Whether injury was suspected to occur during a fall  
    
(e.g., grabbed onto metal track to break fall; fell into object before 
coming to a stop) 
- Environmental conditions suspected to contribute to the fall 
- Height of the fall (from elevation) 
      
Struck by/struck against 
- Worker task  
- Worker action (unintentional) 
- Tool/device being used and suspected to contribute to injury event 
- Object the worker was struck by or struck against 
- Inappropriate action of a tool/device/object involved in the injury event 
- Whether another worker (or individual) was involved in the injury event 
      
Overexertion 
- Worker task  
- Worker action (unintentional) 
- Tool/device/object suspected to contribute to overexertion event 
- Whether another worker (or individual) was involved in the injury event 
- Whether an assistive device was being used at the time of the event 
- 
Physical space and environmental conditions suspected to contribute to 
event 
      
Additional (across all mechanisms) 
- Type, size and weight of drywall material involved in the injury event 
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Figure 5.1.  Among drywall installers, percent of falls from elevation by the surface from which the 
worker fell, Washington State union carpenters, 1989-2008.  
 
 
a Other includes: box, bucket, chair, loading dock, vehicle, ramp, stool, 
deck and sawhorse 
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Figure 5.2.  Among drywall installers, percent of injuries of each mechanism by the task in which 
the worker was engaged, Washington State union carpenters, 1989-2008. 
 
 
NOTE: More than one task was described in some narratives (e.g., “cutting 
and fastening drywall sheets all day”) 
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Table 5.2.  Among drywall installers’ injuries from falls from elevation, comparison between 
ANSI/OIICS-coded injury mechanisms to information provided in the injury narratives, 
Washington State union carpenters, 1989-2008. 
 
  
173 89% 93% Stilts 47 (32.9)
(n=154/173)  (n=143/154) Scaffold 26 (18.2)
Bench 24 (16.8)
Floor 10 (7.0)
Lift 9 (6.3)
Ladder 2 (1.4)
Stairs 2 (1.4)
Roof 1 (0.7)
Vehicle 1 (0.7)
Other 21 (14.7)
106 88% 98% Scaffold 86 (94.5)
(n=93/106) (n=91/93) Dock 1 (1.1)
Stilts 1 (1.1)
Bench 1 (1.1)
Deck 1 (1.1)
Plank 1 (1.1)
32 / 113 Fall from ladder 92 86% 96% Ladder 75 (98.7)
(n=79/92) (n=76/79) Stairs 1 (1.3)
36 / 112* Fall into open 30 97% 100% Floor 17 (58.6)
(n=29/30) (n=29/29) Scaffold 9 (31.0)
Bench 1 (3.4)
Roof 1 (3.4)
Dock 1 (3.4)
35 / 111 27 81% 95% Stairs 19 (90.5)
(n=22/27) (n=21/22) Scaffold 1 (4.8)
Floor 1 (4.8)
34 / 118 Fall from vehicle 14 79% 100% Car/truck 5 (45.5)
(n=11/14) (n=11/11) Lift 4 (36.4)
Bench 1 (9.1)
37 / 115* 8 88% 100% Roof 7 (100.0)
(n=7/8) (n=7/7)
Fall from/through 
roof
Fall on or down 
stairs
Fall from 
elevation, Fall to 
lower level 
(includes jumps)
Fall from platform 
(e.g., scaffold, 
staging, loading 
dock) (includes 
jumps)
ANSI / OIICS 
mechanism 
of injury code
Text-confirmed 
surface from which 
worker fell
30, 39 / 10, 
19, 110, 119, 
120, 129
31 / 116, 
121, 1123
n (%)
Proportion of text 
with description 
of surface from 
which worker fell
Proportion 
of claims 
with text
Number 
of 
claimsDescription
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Table 5.3.  Among drywall installers’ falls from elevation and falls on the same level with a 
primary source of injury code (ANSI/OIICS) for “floor, walkway, or ground surface” (58*/62*), 
secondary source of injury codes (ANSI/OIICS) and text-confirmed contributing factors, 
Washington State union carpenters, 1989-2008.    
ANSI/OIICS 
secondary 
source of 
injury code Description
Number 
(%) of 
claims
Collapse or 
movement 
of the 
surface, n
Fall 
preceded 
by trip/ 
slip, n (%)
Scaffold 48 (51.1) 25 
Stilts 0 (0.0) --
Ladder 4 (4.3) 2 
Bench 5 (5.3) 3 Wire/cord 1 (7.7)
Floor 15 (16.0) 2 Metal object 6 (46.2)
Stairs 0 (0.0) -- Not provided 6 (46.2)
Other 19 (20.2) 8 
Not provided 3 (3.2) 0 
Scaffold 48 (14.6) Scaffold 47 (97.9) 20 5 (10.4) Not provided 5 (100.0)
Not provided 1 (2.1)
Debris 1 (12.5)
Duct work 1 (12.5)
Ladder 32 (9.7) Ladder 31 (96.9) 3 8 (25.0) Conduit 1 (12.5)
Not provided 1 (3.1) Sill 1 (12.5)
Not provided 4 (50.0)
Scaffold 8 (9.5) 4 Water 7 (11.5)
Stilts 6 (7.1) 0 Wire/cord 5 (8.2)
Ladder 2 (2.4) 0 Metal object 6 (9.8)
Bench 2 (2.4) 1 Ice/snow 6 (9.8)
Floor 2 (2.4) 0 Taping mud 6 (9.8)
Stairs 1 (1.2) 1 Hose/cord 2 (3.3)
Other 5 (6.0) 0 Plastic 2 (3.3)
Not provided 58 (69.0) 1 Other 13 (21.3)
Not provided 14 (23.0)
Metal object 12 (85.7)
Metal 16 (8.4) Not provided 16 (100) -- Ice/snow 1 (7.1)
Door brace 1 (7.1)
b Of the 190 falls to the same level and 374 falls from elevation w ith an ANSI/OIICs primary source of injury code for "f loor, 
w alkw ay, ground surface," 91% (n=173) and 88% (n=329) had an available injury narrative for analysis. 
Falls from elevation
Falls on the same level
58*/62*
Floor, 
walkway, 
ground 
surface
84 (44.2) 61 (72.6)
a Other secondary source of injury codes (ANSI/OIICS) (not presented) each made up less than 5% of claims for falls from 
elevation and on the same level w ith a primary source of injury code (ANSI/OIICS) for “f loor, w alkw ay, ground surface” (58*/62*).
14 (87.5)41*/412*,   
413*, 459
7400/6460, 
6469
2800,283*/ 
740,7420
Surface from which 
worker fell, n (%)
Object on which worker 
slipped/tripped, n (%)
58*/62*
Floor, 
walkway, 
ground 
surface
94 (28.6) 13 (13.8)
Information gathered through analysis of injury narrativesInformation coded on WC claim
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CHAPTER 6 
 
MUSCULOSKELETAL BACK DISORDERS AMONG DRYWALL CARPENTERS IN 
WASHINGTON STATE, 1989-2008 
 
Overview 
 
Construction workers are at high risk of work-related musculoskeletal back conditions, 
and research suggests medical care and costs associated with these conditions may be covered 
by sources other than workers’ compensation.  Little is known about the back injury experience 
and care seeking behavior among drywall installers, a high-risk workgroup regularly exposed to 
repetitive activities, awkward postures and handling heavy building materials.  We identified 
workers’ compensation claims, visits for health care covered through their union provided health 
insurance and time at risk for a 20-year (1989-2008) cohort of 24,830 Washington State union 
carpenters, including 5,073 drywall installers.  Rates of work-related injury and health care 
utilization for musculoskeletal back conditions were examined over time and by worker 
characteristics, stratified by type of work (drywall installation, other carpentry).  Rates of health 
care utilization covered by union-provided health insurance were examined in relation to rates of 
work-related overexertion back injuries as captured through the workers’ compensation system.  
Drywall installers’ work-related overexertion back injury rates exceeded those of other carpenters 
(Adjusted IRR 1.63, 95% CI 1.48-1.78).  For both carpentry groups, rates declined significantly 
over time.  In contrast, rates of private health care utilization were similar for drywall installers 
compared to other carpenters for musculoskeletal back conditions, and they have been 
increasing since the mid-1990s.  Rates of health care utilization for musculoskeletal back 
conditions increased with an increase in the number of work-related overexertion back injuries.  
Utilization rates were elevated in the first few years following a work-related overexertion back 
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injury as well as in the time period prior to a work-related overexertion back injury compared to 
workers without such an injury.  Observed declines over time in the rate of work-related 
overexertion back injury, as based on workers’ compensation claims data, is encouraging.  
However, results suggest these declines may reflect, in part, shifting of care for work-related 
conditions to workers’ private health insurance.   
 
Introduction 
 
Data from the Bureau of Labor Statistics (BLS) suggest back injuries account for nearly 
one-fifth of workers’ nonfatal injuries and illnesses with days away from work among construction 
industry workers [The Center for Construction Research and Training 2007].  Rates of back injury 
differ by trade, undoubtedly reflecting variations in work exposures.  Notably higher rates have 
been observed among workers who install drywall compared to workers in other construction 
trades [Lipscomb HJ, et al. 2008, The Center for Construction Research and Training 2007].  The 
incidence of musculoskeletal back conditions among drywall installers may be attributed, in part, 
to their exposure to repetitive activities, awkward postures and handling heavy building materials, 
predominantly drywall [Chiou SS, et al. 1997, Chiou SS, et al. 2000, Lipscomb HJ, et al. 2003a, 
Lipscomb HJ, et al. 2000, Schneider S and Susi P 1994, Schoenfisch AL, et al. Under review].   
 
In a report of work-related injuries among drywall installers in Washington State, handling 
of drywall sheets was suspected to be a contributing factor in over one-third of overexertion 
injuries and over half of back injuries [Schoenfisch AL, et al. Under review].  Accounting for a 
broad array of work activities such as cutting/measuring, lifting, carrying, holding and screwing, 
Yuan, et al. (2007) estimated drywall installers’ low back disc compression forces in excess of the 
NIOSH Action Limit of 3400 Newtons [National Institute for Occupational Safety and Health 1981] 
for an average of 8.5% of time during a typical 8-hour work day [Yuan L, et al. 2007].  Notably, 
their field observations were based on drywall sheet sizes of 4 feet-by-8 feet as well as partial 
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sheets.  Sheet sizes of 4 feet by 12 feet (and even 16 feet) – sometimes weighing over 150 
pounds – are commonly used today. 
 
There are several challenges to studying work-related injuries and illnesses within 
construction industry trades.  Commonly-used sources of work-related injury and illness data – 
BLS’ Survey of Occupational Injuries and Illnesses and workers’ compensation (WC) claims – 
lack detailed industry or occupational identifiers and precise denominator information [The Center 
for Construction Research and Training 2007].  Also, work-related conditions of a chronic or slow-
developing nature, like musculoskeletal conditions, are less likely to be appropriately recognized 
as work-related compared to acute conditions [Blessman JE 1991]. 
 
Two distinct insurance systems exist to cover workers’ health care needs.  The private 
insurance system is designed to cover costs related to workers’ non-work-related conditions and 
may be provided through a worker’s employer, spouse/partner, or union.  In contrast, the WC 
system is in place to provide coverage for work-related conditions.  Research suggests medical 
care and costs associated with work-related musculoskeletal conditions may be covered by 
sources other than WC, such as private medical insurance, government social service agencies 
or the worker themselves [Dong X, et al. 2007, Koehoorn M, et al. 2006, Lipscomb HJ, et al. 
2009a, Lipscomb HJ, et al. 2009b, NORA Construction Sector Council 2008].  Using data from 
the BLS and the National Council on Compensation Insurance, Leigh and Marcin (2012) 
estimated that in 2007, WC paid for 44.5% of workers’ medical costs associated with work-related 
injuries and illnesses.  Similar findings (46%) have been reported for costs associated with work-
related injuries among construction industry workers [Dong X, et al. 2007].  Of the remaining 
costs, one-fifth were covered by workers’ private health insurance [Leigh JP and Marcin JP 2012].    
 
Despite their high risk of work-related injury compared to other workers in the 
construction industry, research specific to drywall installers, particularly over a long time span 
during which known changes in the industry have occurred, is sparse.  Using a well-defined 20-
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year (1989-2008) dynamic cohort of union carpenters in Washington State, this study sought to 
examine drywall installers’ work-related overexertion back injuries captured through the WC 
system and circumstances surrounding their injury events.  These carpenters have health 
insurance coverage for non-work-related medical care that is covered through a jointly-trusteed 
health and welfare fund.  To provide a more comprehensive picture of the overall health of these 
workers, we described their medical care utilization for musculoskeletal back conditions as 
covered by the health and welfare fund.  To explore potential care-shifting across the WC and 
private health insurance systems, overexertion back outcomes based on WC claims data were 
contrasted to drywall installers’ use of health care for musculoskeletal conditions of the back 
covered through their union-provided private health insurance. 
 
Methods 
 
Data sources 
 
Union membership and health insurance eligibility files provided by the Carpenters Trusts 
of Western Washington (CTWW) were used to define a dynamic, historical cohort of active union 
carpenters who were members of the United Brotherhood of Carpenters and Joiners of Western 
Washington from 1989 through 2008 [McCoy AJ, et al. In press, Schoenfisch AL, et al. Under 
review].  To be included in the study cohort, union members had to work at least three months of 
union hours.  Data available for each member included date of birth, gender, date of union 
initiation and union local affiliation, as well as monthly information on union hours worked and 
eligibility status for union-provided health insurance.  Eligibility is based on a worker having 
worked a required number of union hours, with the option to ‘bank’ hours and remain eligible 
during periods of no work.  The CTWW also provided records of medical care covered by the 
health and welfare fund for non-work-related conditions, with International Classification of 
Disease, 9th revision (ICD-9) diagnosis codes assigned by the provider at the time of care and 
the date of the visit. 
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The union local is the unit to which predominant type of work performed is assigned and 
was used to define our cohort of drywall installers.  Union carpenters install drywall on residential 
and commercial work sites, and in Washington State, their work does not include drywall finishing 
tasks.   
 
WC claims and related medical care data for these carpenters were made available by 
the Washington State Department of Labor and Industries (L&I), the state-run WC program.  
These data included first aid and medical-only claims as well as claims for injuries and illnesses 
that resulted in paid lost work time (PLT), which occurs after the third lost day after injury in 
Washington State.  Data elements available for each work-related injury included date, number of 
paid lost days from work, ICD-9 diagnosis codes associated with medical care for the work-
related injury, body part affected, nature, type of event or exposure (i.e., mechanism), and source 
(e.g., drywall, scaffold).  These last 4 variables utilized an American National Standards Institute 
(ANSI)-based coding scheme from 1989 through June 2005 and an Occupational Injury and 
Illness Classification System (OIICS) coding scheme for July 2005 through 2008.  Injury event 
narratives, also provided by L&I, were available for a subset of the claims as a separate file.  Of 
note, claims from companies which self-insure for WC coverage are only coded with ANSI/OIICS 
codes in the L&I system if they resulted in PLT, and medical care data related to claims without 
PLT were not consistently available from the self-insured employers.  
 
Using a blind, unique carpenter identification number, the files provided by the CTWW 
and WC claims were linked at the level of the individual carpenter by month.  Medical care 
covered through the WC system and injury narratives were linked at the level of the WC claim 
using a unique claim number. The procedures for data linkage have been described previously 
[Lipscomb HJ, et al. 2008b, Lipscomb HJ, et al. 1997, Lipscomb HJ, et al. 2009b]. 
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Outcomes, covariates and time at risk 
 
ANSI/OIICS type of injury codes assigned to WC claims were used to identify all 
overexertion (including bodily reaction and repetitive motion) events.  Among these claims, 
injuries with a primary ANSI body part of injury code of “420,” “400,” or “600” or a primary OIICS 
body part affected code of “230”, ”231”, ”232”, ”233”, ”234”, ”238” or ”239” were defined as back-
related.  In prior research of back injuries among these union carpenters, defining back injuries 
based only on coded WC claims data reflecting the body part affected did not fully capture injuries 
to this area of the body; additional back-related injuries were identified through a review of ICD-9 
codes for health care associated with the WC claim [Kucera KL, et al. 2011, Lipscomb HJ, et al. 
2008b].  A similar approach was taken in this study, in which we defined additional WC 
overexertion claims as related to the back if they had at least one back-related ICD-9 diagnosis 
code assigned to medical care received as part of the overexertion injury.   
 
Health care utilization for diagnoses of musculoskeletal conditions of the back was based 
on the primary ICD-9 diagnosis code assigned to each claim filed through the workers’ union-
provided private health insurance system.  In the health care records, several claim lines can 
exist for any given diagnosis.  For the proposed analyses, utilization was defined in a way that 
allowed, for each carpenter, one visit per provider per day.  Only claims which occurred during a 
month in which the carpenter was eligible for insurance (regardless of whether union hours were 
worked) were examined.   
 
For analyses of work-related overexertion back injuries, time at risk was measured as the 
number of union work hours.  For analyses of health care utilization for musculoskeletal back 
diagnoses, time at risk was defined as worker-months of union-provided private insurance 
eligibility.  Primary exposures of interest were the predominant type of work performed (drywall 
installation versus other carpentry) and calendar time.  Additional covariates of interest included 
worker gender, age and time in the union.  Carpenters typically spend four years in 
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apprenticeship training prior to receiving journeyman status, and time in the union was 
considered a proxy for this classification and categorized to explore rates of injury within and 
between these two periods of time.   
 
Analyses 
 
Using the number of union work-hours as the time at risk, Poisson regression models 
were created to estimate injury rates (expressed as injuries per 200,000 worker-hours), rate ratios 
and 95% confidence intervals (CI) of work-related overexertion back injuries.  Injury event 
narratives were used to identify characteristics of and circumstances surrounding injuries with 
PLT.  Rates, rate ratios and 95% CIs of private health care utilization for musculoskeletal back 
conditions were estimated using negative binomial regression models, with worker-months of 
insurance eligibility as the time at risk.  Generalized estimating equations were used to account 
for correlation within workers [Liang KY and Zeger SL 1986].  Utilization rates were expressed as 
visits per 100 person-years of eligibility.  For both outcomes, we examined whether rates varied 
over calendar time as well as by categories of worker gender, age and time in the union.  
 
To further explore the relationship between rates of musculoskeletal back outcomes 
captured through the union-provided health insurance system to those captured through the WC 
system over time among drywall carpenters, rates of private health care utilization were examined 
by the number of and time since work-related overexertion back injuries.  Previous analyses of 
union carpenters in Washington State highlighted a dramatic decline in health care utilization and 
costs for musculoskeletal back disorders from 1993 to 1995 [Lipscomb HJ, et al. 2009a, 
Lipscomb HJ, et al. 2009b] – a pattern which may reflect efforts in Washington State to reduce 
health care costs at this time.  Following governor-commissioned study, efforts were made to 
address the State’s high health care costs.  The state-level Washington Health Services Act was 
passed in 1993 (repealed in 1995) [State of Washington 1993], and between 1993 and 1995, 
Washington State implemented Medicare’s resource-based relative value scale (RBRVS) system 
for reimbursing providers for select sources of health care expenditures in the State [Kominski 
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GF, et al. 1999].  Analyses were restricted to 1995 and later to capture only the period of time 
after these efforts were complete.  
 
Results 
 
Description of the study cohort 
 
The study cohort was comprised of 5,073 drywall carpenters and 17,862 carpenters in 
other types of work who contributed 36,673,255 and 153,822,280 worker-hours, respectively 
[Schoenfisch AL, et al. Under review].  At entry into the study cohort, drywall installers were 
younger and had fewer years in the union compared to other carpenters, averaging 31 years of 
age and 3.2 years in the union (compared to 35 years of age and 5.6 years in the union among 
other carpenters).  Drywall installers also had a higher proportion of male workers than their 
carpentry counterparts (98.2% versus 96.1%) and averaged fewer hours worked per month 
(142.3 versus 149.1). 
 
Work-related overexertion back injuries 
 
Over the 20-year study period, there were 1,038 work-related overexertion back injuries 
among 699 (13.8%) drywall carpenters.  These injuries represented 17.1% of all WC claims 
among these workers.  Comparatively, 2,075 (11.6%) of carpenters in other types of work 
contributed 2,596 overexertion back claims, representing 12.6% of their total WC claims.  The 
majority (n=3,190, 87.9%) of overexertion back claims among these workers were defined solely 
through ANSI/OIICS codes assigned by L&I.   
 
Drywall installers’ work-related overexertion back injuries were most commonly coded as 
“sprain, strain, tear” (83.3%).  Based on injury narratives, lifting or moving (i.e., carrying, pushing, 
pulling, rolling) material was identified as contributing to two-thirds (67.3%, n=224/333) of the 
injury events with PLT.  The material specified was commonly drywall (50.4%, n=113/224), and 
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among the 20 narratives that identified sheet size, 4’ x 12’ x 5/8” was most common.  Other 
materials identified as contributing to the injury events included studs (12.5%, n=28), boxes 
(5.4%, n=12) and other panels/tiles (3.1%, n=7).  In one-quarter (26.8%, n=60/224) of the events 
involving lifting or moving of material, worker movement such as bending, twisting or reaching – 
in some cases during overhead work (11.7%, n=7/60) – contributed to the injury.  Other work 
tasks identified as contributing to the injury event included screwing (8.4%; n=28) and demolition 
work (2.1%; n=7).  “Hanging” drywall (without specification of whether the worker was lifting, 
holding, screwing, etc.) was noted in 11.7% (n=39) of events.  Physical space and positioning 
were highlighted as potential contributing factors in 9.6% (n=32/333) of the overexertion back 
injuries with PLT and included work in stairwells (n=10), off of a lift, ladder, scaffold or platform 
(n=10), in a bathroom (n=2) or elevator shaft (n=2), and “awkward position” or “cramped area” 
(n=7).   
 
The rate of work-related overexertion back injuries was higher among drywall installers 
compared to their carpentry counterparts (Adjusted IRR 1.63 95% CI 1.48, 1.78).  This pattern 
held over the years of observation as well as categories of age and time in the union.  For both 
carpentry groups, rates declined significantly over time (Figure 6.1) and were highest among 
workers 30 to < 40 years old (Table 6.1).  Among carpenters in other types of work, rates of work-
related overexertion back injuries decreased with increasing time in the union.  There was no 
difference in drywall installers’ rates of work-related overexertion back injury by time in the union. 
 
Health care utilization for musculoskeletal back disorders, covered 
through union-provided health insurance 
 
Over the 20-year study period, 135,495 visits for musculoskeletal back injury were made 
by 8,170 workers (35.8%) in the study cohort, for an overall rate of 102.0 visits per 100 person-
years of eligibility (95% CI 100.0-103.9).  The rate of utilization for musculoskeletal back 
conditions was not significantly different for drywall installers (98.1 visits per 100 person-years of 
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eligibility, 95% CI 93.7-102.7) compared to other carpenters (103.6 visits per 100 person-years of 
eligibility, 95% CI 101.4-105.8).   
 
Utilization rates for the two groups were similar over time (shown combined in Figure 1) 
and were marked by an increase from 1989 (119.0 visits per 100 person-years of eligibility, 95% 
CI 107.7-131.6) to 1993 (146.3 visits per 100 person-years of eligibility, 95% CI 134.3-159.4), 
followed by a drop in the rate of utilization between 1993 and 1995, and then an increase (non-
monotonic) in utilization from 1995 (63.7 visits per 100 person-years of eligibility, 95% CI 58.3-
69.7) through 2008 (99.8 visits per 100 person-years of eligibility, 95% CI 92.9-107.1).  With the 
exception of higher (though imprecise) rates of utilization among older workers in other types of 
carpentry, rates of utilization varied little by worker gender and age (Table 6.2).  For drywall 
installers and other carpenters, rates of utilization increased with increasing time in the union 
(Figure 6.2).  The increase was more dramatic for drywall carpenters than for carpenters in other 
types of work, even when controlling for worker age and gender.  
 
Examination of the relationship between health care utilization for musculoskeletal back disorders 
and work-related overexertion back injuries 
 
Among drywall installers, musculoskeletal or overexertion back disorders were 
recognized in at least one system (i.e., private health insurance system and/or WC, respectively) 
by 29.4% (n=1,491/5,073) of the workers.  Of these, 19.8% (n=295) were captured only in the 
WC system, 53.2% (n=793) were captured only in the private health care system, and 27.0% 
(n=403) received care in both systems.   
 
Compared to workers who never had a work-related overexertion injury during the 14-
year observation period (1995-2008), drywall installers’ rates of health care utilization for 
musculoskeletal back conditions were 72% and 98% higher among workers with one or two work-
related overexertion back injuries, respectively, and 45% higher in the time period prior to these 
workers’ first injuries (Table 6.3).  Among drywall installers with at least one work-related 
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overexertion back injury, the rate of health care utilization for musculoskeletal back conditions 
were elevated in the first few years following the work-related injury compared to the workers’ 
pre-injury rate of utilization.  Higher rates of utilization were observed in all time periods (pre-and 
post-injury) among workers with at least one work-related overexertion back injury compared to 
workers with none during the observation period.  
 
Discussion 
 
Using a dynamic cohort of union carpenters in Washington State, we examined and 
contrasted drywall installers’ rates of work-related overexertion back injuries captured through the 
WC system to their use of health care covered through private insurance for musculoskeletal 
conditions of the back.  The use of provider-assigned diagnosis codes related to medical care 
covered through each of these care systems aided in the outcome definition and, in the case of 
claims related to work-related injuries, allowed us to capture claims that were not coded 
otherwise (ANSI/OIICS).  Additionally, brief narratives provided additional information on the 
circumstances surrounding these injury events.  In terms of guiding intervention development and 
evaluation, such details can be particularly useful, as coded data alone (e.g., injury nature, 
mechanism, body part affected) suggest drywall installers’ injury characteristics are similar to 
those seen industry-wide.  
 
Over the 20-year study period, drywall installers had higher rates of work-related 
overexertion back injury compared to construction workers engaged in other types of carpentry 
work.  Consistent with patterns observed for injuries overall among this cohort [Schoenfisch AL, 
et al. Under review], rates of work-related back injuries have declined over time, and the 
magnitude of the decline has been larger among drywall carpenters.   
 
Declines over time in work-related musculoskeletal back disorders have been observed 
among construction industry workers [Lipscomb HJ, et al. 2008], although it is unclear to what 
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extent these declines (and those observed among nonfatal injuries overall) reflect a true reduction 
in injury rates.  There was increased attention to workplace safety during this time, for example 
through a focus on injury management and return-to-work programs in the late 1980s when (a) 
large construction owners began to pre-qualify bidders based, in part, on safety and health 
performance and (b) WC costs began to rise dramatically [Welch LS, et al. 2007].  However, such 
changes aimed at enhancing worker safety may have also encouraged under-reporting by 
employers and by employees, through incentives to not report and fear of potential consequences 
of reporting (e.g., reduced hours, job loss) [Azaroff, et al. 2002, Pransky G, et al. 1999, Shannon 
HS and Lowe GS 2002].  
 
There was no difference in drywall installers’ rates of work-related overexertion back 
injuries by time in the union.  These findings are in contrast to rates of work-related injuries 
overall among drywall installers as well as to patterns of injuries, including overexertion back 
injuries, among carpenters in other types of work, in which rates were highest among workers 
during their early years in the union [Schoenfisch AL, et al. Under review].  Interviews with 
substantive experts in the field conducted as part of this study [Schoenfisch AL, et al. Under 
review] suggest only one in three drywall apprentices “journey out,” with many leaving the 
program as a result of the inherent physical demands in drywall installation.  The drywall installers 
we captured in these early years in the union likely represent a healthy and physically able subset 
of drywall installers who began apprenticeship training, thus dampening injury rates that would 
have been observed in these early years in the union had all apprentices remained.  Furthermore, 
compared to carpenters in other types of work during the early years in the union, this subset of 
drywall installers may be less susceptible to the effects of hazardous physical exposures.  These 
explanations are in line with study findings that drywall installers have lower rates of utilization for 
musculoskeletal back conditions than other carpenters during these typically high-risk 
apprenticeship years. 
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We observed increasing rates of health care utilization covered through private health 
insurance with increasing time in the union, and this increase was more dramatic for drywall 
installers than for other carpenters.  Such findings suggest work-related exposures, particularly 
cumulative exposures, may play a role in health care utilization.  Furthermore, the increase in the 
rates of utilization with an increasing number of overexertion back injuries accepted through the 
WC system support the previously-suggested phenomenon of cost-shifting between the two care 
systems [Lipscomb HJ, et al. 2009a, Lipscomb HJ, et al. 2009b].   It is also noteworthy that the 
time period before the work-related overexertion back injury may be characterized by utilization of 
health care services for back symptoms related to a work-related exposure prior to a claim being 
filed through the WC system.  This notion is consistent with observed differences in rates of 
utilization between workers who never had a WC overexertion back claim to pre-injury rates 
among those who had at least one injury.     
 
Seeking health care outside of the WC system may allow a worker to receive treatment 
for a work-related condition while circumventing barriers to reporting through the WC system.  
These union carpenters expressed that “seeking care through their private union-provided 
insurance is less trouble than dealing with WC” [Lipscomb HJ, et al. 2009b].  Given the time-
delimited nature of projects, these drywall installers may face lapses in their coverage (e.g., 
during periods between projects).  Furthermore, many construction workers – drywall installers in 
particular – lack employment-based health insurance altogether [The Center for Construction 
Research and Training 2007], meaning a greater proportion of costs associated with a work-
related injury, if not covered by WC, may fall upon the injured workers and their families. 
 
We did not have data to examine restricted work time following an injury.  Trade experts 
we interviewed noted the importance of providing light work duty and keeping injured workers 
engaged.  However, in an industry characterized by change in employers and projects, employers 
with few workers may have little incentive to accommodate injured workers [Welch LS, et al. 
1999].  As such, data to clarify the extent of accommodation as well as its implications on drywall 
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installers’ post-injury use of medical care and ability to remain employed following a work-related 
injury would be valuable.  Additionally, we did not have information on worker ethnicity.  Previous 
work suggests a lower proportion of medical expenses are paid by workers’ compensation for 
Hispanic construction workers’ work-related injuries compared to non-Hispanic workers [Dong X, 
et al. 2007]. 
 
This cohort of union carpenters with private health insurance provided an uncommon 
opportunity to examine patterns of care-seeking through two systems.  Linked WC and health 
care utilization data to union work hours and worker characteristics allowed us to (a) define a 
cohort of drywall installers and their time at risk for both work-related injuries and health care 
utilization and (b) examine injury and utilization rates over time and within worker subgroups.  
Drywall installers are a difficult group of workers to study.  They work in small groups on 
frequently changing projects and worksites, making ascertainment of exposure and outcome data 
difficult.  Combined with the fast-paced, repetitive nature of work with a focus on production and 
meeting project deadlines, these factors also influence both work-related injury risk and reporting 
of injuries through the WC system.   
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Tables and Figures 
 
Figure 6.1. Crude rates of work-related overexertion/musculoskeletal (MSK) back injuries and 
95% confidence intervals over calendar time, stratified by the predominant type of work 
performeda, with rates of health care utilization overlaid (solid line, all workers combinedb), 
Washington State union carpenters, 1989-2008. 
 
 
 
a Based on the predominant type of work performed by the union local to which the worker 
belongs.  “Other carpentry” includes residential building, roadway and bridge construction, pile-
driving and light and heavy commercial building. 
b There was no difference in the rate of health care utilization for musculoskeletal back disorders 
over time by the predominant type of work performed. 
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Table 6.1. Number of worker-hours and work-related overexertion back injuriesa with crude injury ratesb,  adjusted incidence 
rate ratios (IRR) and 95% confidence intervals (CI), stratified by predominant type of work performed, workers' compensation 
claims data, Washington State union carpenters, 1989-2008. 
              
 
 
  
Hours 
worked
Overexertion 
back 
injuriesa
Crude 
rateb    
Hours 
worked
Overexertion 
back 
injuriesa
Crude 
rateb
Gender
Male 36,507,212 1,037 5.68 1.00 150,588,702 2,513 3.34 1.00
Female 151,378 1 1.32 0.22 (0.02-2.48) 2,917,226 76 5.21 1.37 (1.01-1.86)
Age in years
<20 283,295 9 6.35 1.04 (0.45-2.40) 529,157 9 3.40 0.60 (0.25-1.44)
20 to <30 8,540,803 216 5.06 0.78 (0.62-0.97) 22,546,412 432 3.83 0.78 (0.67-0.91)
30 to <40 13,670,804 455 6.66 1.00 48,946,533 1,010 4.13 1.00
40 to <50 10,461,512 263 5.03 0.78 (0.63-0.96) 49,948,230 763 3.06 0.83 (0.73-0.95)
50+ 3,701,174 95 5.13 0.83 (0.60-1.15) 31,524,012 375 2.38 0.71 (0.59-0.86)
Years in union 
up to 2 5,696,882 146 5.13 1.01 (0.72-1.44) 18,442,770 456 4.95 1.83 (1.48-2.25)
2 to <4 4,031,688 131 6.50 1.28 (0.91-1.82) 15,058,616 362 4.81 1.73 (1.39-2.14)
4 to <6 3,510,588 92 5.24 1.01 (0.70-1.47) 12,704,833 226 3.56 1.28 (1.01-1.62)
6 to <8 3,352,459 90 5.37 1.02 (0.70-1.46) 11,706,893 202 3.45 1.23 (0.97-1.57)
8 to <10 3,079,128 102 6.63 1.24 (0.87-1.76) 10,733,944 166 3.09 1.10 (0.85-1.41)
10 to <20 10,483,684 321 6.12 1.15 (0.88-1.52) 44,388,715 692 3.12 1.11 (0.93-1.32)
20+ 6,518,826 156 4.79 1.00 40,786,510 492 2.41 1.00
a Defined through analyses of ANSI/OIICS codes and WC medical care claims.
b Events per 200,000 w orker-hours
c Poisson regression model, adjusted for w orker gender, age and years in the union.  Deviance scaled to set Pearson chi-square/degrees of freedom=1.
Drywall installers Other carpenters
Adjusted IRR 
(95% CI)c
Adjusted IRR 
(95% CI)c
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Table 6.2. Months of insurance eligibility and visits for musculoskeletal (MSK) back disorders, utilization rates, rate ratios (IRR) 
and 95% confidence intervals (CI), stratified by predominant type of work, Washington State union carpenters, 1989-2008. 
             
Months of 
insurance 
eligibility
MSK 
back 
visits
Months of 
insurance 
eligibility
MSK 
back 
visits
Gender
Male 281,994 24,440 98.2 1.00 1,234,532 108,213 103.3 1.00
Female 1,228 102 91.3 1.22 (0.54-2.75) 24,256 2,475 122.3 1.19 (0.94-1.51)
Age in years 
<20 2,344 131 52.0 0.82 (0.37-1.80) 4,257 235 60.6 0.64 (0.40-1.00)
20 to <30 64,087 4,181 74.5 0.98 (0.80-1.20) 167,010 12,132 85.4 0.84 (0.75-0.93)
30 to <40 101,062 8,992 101.4 1.00 353,458 33,664 112.8 1.00
40 to <50 76,811 7,575 113.1 0.92 (0.77-1.10) 360,747 32,534 106.3 0.95 (0.87-1.03)
50+ 38,922 3,663 110.6 0.80 (0.60-1.07) 373,275 32,123 101.1 0.96 (0.86-1.08)
Years in union
up to 2 44,090 2,476 62.1 0.53 (0.39-0.71) 144,092 10,359 84.7 0.90 (0.78-1.04)
2 to <4 30,930 2,144 76.1 0.62 (0.45-0.84) 113,942 10,014 103.5 1.08 (0.94-1.24)
4 to <6 26,684 1,977 83.0 0.66 (0.48-0.92) 95,812 8,321 102.3 1.04 (0.91-1.20)
6 to <8 24,745 1,689 76.3 0.62 (0.45-0.85) 85,470 7,020 96.1 0.99 (0.86-1.13)
8 to <10 22,452 1,740 93.7 0.78 (0.55-1.09) 76,412 6,843 105.2 1.08 (0.94-1.24)
10 to <12 19,951 2,043 118.8 0.95 (0.70-1.28) 74,268 7,418 119.5 1.20 (1.04-1.38)
12 to <14 17,050 1,886 128.7 0.98 (0.72-1.33) 67,339 6,600 118.4 1.16 (1.01-1.33)
14 to <16 15,158 1,644 133.8 1.01 (0.74-1.38) 63,673 6,446 118.4 1.17 (1.02-1.33)
16 to <18 13,241 1,424 128.7 0.94 (0.69-1.28) 59,681 5,312 104.5 1.03 (0.91-1.17)
18 to <20 11,633 1,351 143.9 1.05 (0.77-1.43) 53,233 4,953 110.7 1.07 (0.95-1.21)
20+ 57,494 6,171 126.6 1.00 428,024 37,664 104.1 1.00
bNegative binomial regression w ith generalized estimating equations. Model includes gender, age, years in the union.
aNegative binomial regression 
Drywall installers Other carpenters
Visits per 100 
person-years 
of eligibilitya 
Adjusted IRR 
(95% CI)b
Visits per 100 
person-years 
of eligibilitya 
Adjusted IRR 
(95% CI)b
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Figure 6.2. Musculoskeletal (MSK) back visits per 100 person-years of eligibility by time in the 
union, stratified by predominant type of work performed.  Stratified rates were estimated using 
negative binomial regression. Washington State union carpenters, 1989-2008. 
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Table 6.3.  Drywall installers’ incidence rates, rate ratios (IRR) and 95% confidence intervals (CI) 
associated with health care utilization through the carpenters' trust for musculoskeletal back 
diagnoses, stratified by the number of work-related overexertion back injuriesa and time since the 
injury, Washington State union carpenters, 1995-2008. 
Months of 
insurance 
eligibility
Visits for 
MSK back 
disorders
Number of injuries
Never injured 179,082 12,347 68.7 (63.7-74.0) 1.00
0 (Prior to injuryd) 16,936 1,744 113.8 (90.7-142.8) 1.45 (1.04-2.01)
1 23,779 2,794 133.0 (107.3-164.8) 1.72 (1.38-2.15)
2 or more 6,941 1,134 171.6 (109.5-268.9) 1.98 (1.30-3.02)
Time surrounding first injury
Never injured 179,082 12,347 68.7 (63.7-74.0) 1.00
Time prior to injuryd 16,936 1,744 113.8 (90.5-143.1) 1.47 (1.06-2.04)
0 to <1 years post-injury 5,055 665 149.3 (110.9-201.1) 1.85 (1.40-2.44)
1 to <2 years post-injury 4,108 579 146.3 (105.8-202.3) 1.80 (1.27-2.54)
2 to <3 years post-injury 3,502 411 144.0 (99.6-208.3) 1.63 (1.10-2.41)
≥ 3 years post-injury 18,055 2,273 135.7 (102.8-179.1) 1.64 (1.21-2.21)
d Among w orkers w ith at least one w ork-related overexertion back injury
Stratified rate of 
utilization (95% CI)b
Adjusted IRR 
(95% CI)c
a Defined through ANSI/OIICS codes and medical diagnosis codes received.
b Negative binomial regression. Rates are per 100 person-years of eligibility.
c Negative binomial regression w ith generalized estimating equations, adjusted for w orker age and time in the union. 
Separate models used to examine rate of utilization by number of injuries and rate of utilization by time surrounding 
the f irst w ork-related injury.
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CHAPTER 7  
 
SYNTHESIS 
 
Overview of findings 
 
Using a well-defined 20-year cohort of union carpenters in Washington State, we 
described the work-related injury experience among carpenters in a union local that performed 
predominantly drywall installation work.  Drywall installers displayed high rates of work-related 
injury compared to construction workers engaged in other types of work.  A reduction in work-
related injury rates among drywall installers was observed over the 20-year study period, in line 
with patterns observed among the cohort overall [McCoy AJ, et al. In press].  Patterns in rates of 
injury by worker age and time in the union varied by injury mechanism as well as by whether 
drywall material was considered a contributing factor in the injury event.  Of note, nearly one-
quarter of the drywall installers in this cohort joined the union prior to the start of study follow-up.  
These workers may represent a healthy subset of all workers in the union prior to the start of 
follow-up, and their inclusion in an analysis examining rates of work-related injury over time and 
by various worker characteristics may introduce bias through the healthy worker survivor effect. 
 
Notably, we observed declines in overexertion injuries related to the handling of drywall 
sheets when controlling for secular trends over time affecting all injuries among these workers.  
Unexpected over a time when sheet size has grown substantially, these declines suggest 
increasing efforts to reduce physical demands associated with drywall handling, such as 
improved on-site stocking of materials, lifting with a partner and some use of assistive devices as 
mentioned by the experts we interviewed and recommended by NIOSH [National Institute for 
 115 
 
Occupational Safety and Health 2006].  However, overexertion injuries continue to make up a 
large proportion of work-related injuries among drywall installers.  Additional prevention efforts 
are needed to address these injury events.  Patterns observed for overexertion injuries in which 
drywall material was a contributing factor were not observed for all injury mechanisms.  For 
example, for injuries from struck by/against events in which drywall material was a contributing 
factor, rates were higher than expected in more recent years when controlling for trends affecting 
all work-related injuries.   
 
Coded WC claims, coupled with information on the population at risk, can provide a 
general understanding of characteristics of injuries among defined groups of workers.  Efforts to 
continue to understand, and ultimately prevent, drywall installers’ work-related injuries must 
recognize the diversity of circumstances and contributing factors surrounding such events - even 
within injury mechanisms.  Injury narratives may provide a more detailed understanding of these 
work-related injury events and highlighted areas on which prevention efforts may focus.  Injury 
narratives in this study highlighted hazards associated with work on scaffolds and ladders that are 
addressed through training (e.g., “belt buckle rule”) but not through current national OSHA 
standards.  Narratives also highlighted hazards related to stilt use among drywall installers, for 
which there is currently a paucity of research.   
 
Improvements in the consistency of particular data elements provided in an injury 
narrative may by useful in future efforts to identify important risk factors or evaluate regulatory 
changes or interventions.  In 2010, the OIICS coding structure underwent a major revision 
[Bureau of Labor Statistics. US Department of Labor 2012].  Relevant to the current study’s focus 
are updates to coding injuries from falls.  In the revised OIICS structure, the primary source of 
injury for falls from elevation is the surface/structure from which the worker fell (rather than the 
floor, as was the case during the time period of this study), and contributory factors to a fall are 
coded as secondary sources.  Additionally, codes are in place to classify the fall by whether the 
event involved collapsing structures or equipment, whether personal fall arrest systems halted the 
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fall and the height of the fall.  These recent changes to the way in which work-related injuries are 
coded in the workers’ compensation system are promising in terms of routinely capturing some of 
these details, and thus eliminating the time involved in analyzing narratives.  However, injury 
narratives may still prove useful to researchers seeking to gather information on potential 
hazards, such as stilts (still under the source code for “tools, instruments, and equipment, not 
elsewhere classified” (799)) or other new types of equipment being used, use of personal 
protective equipment, the task being performed by the worker, and (for falls) whether the fall was 
preceded by a slip or trip.  Efforts to ensure particular elements are routinely reported in the 
narrative, perhaps through prompts or examples, are not necessary for payment purposes, but 
they would be helpful in using these data for injury epidemiology. 
 
A portion of this research focused specifically on overexertion back injuries.  Despite 
significant declines in injuries reported through WC for overexertion back injuries among drywall 
installers from 1989 through 2008, these injuries continue to constitute a large proportion of work-
related injuries overall, warranting continued prevention efforts among this high-risk trade.  This 
work highlights the potential shifting of drywall installers’ direct care for a musculoskeletal back 
condition across two systems: workers’ compensation and private health insurance.  The patterns 
observed suggest a lack of independence in drywall installers’ use of these two care systems, as 
has been noted by others [Kucera KL, et al. 2011, Lipscomb HJ, et al. 2009a, Lipscomb HJ, et al. 
2009b].  We recognize there are additional costs to consider when understanding the burden of 
work-related injury among drywall installers.  For example, a worker may seek care through the 
private health insurance system for a non-back-specific service related to a work-related back 
injury (e.g., for the use mental healthcare services [Brown JA, et al. 2006]).  In addition, indirect 
costs to employers, injured workers and families (e.g., through production loss, employee wage 
loss, quality of life loss) [Boden LI, et al. 2001] should not be disregarded.  
 
NIOSH has published recommendations to prevent overexertion injuries related to 
drywall installation, including planning with the weight of drywall sheets in mind, provision and use 
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of assistive moving and lifting devices (e.g., forklifts, dollies, drywall lifts), choosing delivery sites 
that minimize movement of drywall sheets, use of PVC-dot grip gloves to reduce grip force, use of 
proper lifting and installation techniques, task rotation, rest breaks, co-worker assistance and 
lifting one sheet at a time [National Institute for Occupational Safety and Health 2006].  Our 
findings support the need for overexertion injury prevention interventions and suggest future work 
evaluate the effectiveness of these recommendations on work sites.  For example, even if an 
employer provides drywall lifts on site, workers may be reluctant to use them if there is the 
perception of decreased productivity or inability to use them in certain areas, such as bathrooms 
or stairwells [Schneider S and Susi P 1994].   
 
Limitations 
 
There are known limitations to the research conducted, some of which have been 
highlighted in Chapters 4, 5 and 6.  Some of the limitations fall within the context of the data 
sources themselves, and attempts were made to address them through our analyses.  
 
First, no direct measures of job tasks or work-related exposures were available in this 
cohort.  There are dozens of different union locals represented in this cohort that are assigned to 
type of work categories based on the predominant type of work their members perform.  
Interviews with business agents for each union local were conducted by an industrial hygienist as 
part of the initial assembly and subsequent updates of the cohort in order to maintain the most 
representative assignment of type of work performed.  The predominant type of work assigned to 
each local was allowed to change over time as needed.  However, such categorization is subject 
to misclassification.  Discussion with the industrial hygienist involved in assigning type of work 
performed suggested the degree of misclassification was expected to be relatively low for drywall 
installers.  Other locals were not as well classified, particularly with economic changes in more 
recent years, guiding our decision to compare drywall carpenters to carpenters in all other 
categories of work combined.  While the categorization of predominant type of work provided a 
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way for us to group these data to examine whether drywall carpenters were at greater risk of 
injury, it should be noted that this variable was not capturing individual job tasks or exposures – 
something on which we did not have information in these data. 
 
The cohort data do not include ethnicity.  The construction industry employs a high 
percentage of foreign-born workers, predominantly Hispanic.  In the United States, the proportion 
of construction industry workers identifying themselves as Hispanic has grown considerably over 
the past two decades, with nearly one in four workers of Hispanic origin in 2005; this proportion 
was lower (10-15%) in Washington State [The Center for Construction Research and Training 
2007].  Through the 1990s, this cohort of union carpenters was nearly all Caucasian.  However, 
given the increasing immigrant presence in the US, the cohort composition has likely changed 
over time, and these changes are likely differential by predominant type of work performed.  
Research suggests Hispanic workers in the construction industry incur a higher proportion of 
work-related deaths and serious nonfatal injuries compared to their non-Hispanic counterparts, in 
part because these workers are more likely to work in lower-skilled occupations, including drywall 
installation [The Center for Construction Research and Training 2007].  Interviews with experts 
confirmed the growing presence of Spanish-speaking workers in the industry and noted the 
importance of supervisors being able to speak Spanish.  Notably, all training materials and 
courses at the apprenticeship center are provided in English.  
 
Because the workers we studied are part of a union, some may question the 
generalizability of the study’s results to non-union construction industry workers. Compared to 
their non-union working counterparts, union construction workers are characterized as having 
higher wages, health insurance coverage, less hazardous construction occupations, higher 
educational level, older age, longer tenure and lower risk of injury [The Center for Construction 
Research and Training 2007].  Thus, the work-related injury rates we observed in this cohort are 
likely lower than those that would be observed in a non-union environment.  It is possible that the 
union workers we studied did perform some non-union work.  We lacked any information on this 
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non-union work experience of these workers over the study period, including their number of 
hours worked or type of work performed.  In the WC claims file, there were injuries that occurred 
during months in which no union hours were worked.  We chose to exclude these injuries from 
the analyses; their inclusion would have overestimated our injury rates based on union work 
hours as the time at risk.  It is reasonable to assume a lack of independence between non-union 
work experiences on the risk of work-related injury during union work; work hazards workers were 
exposed to outside of the union and injuries related to such work could have contributed to the 
work-related injuries we observed (e.g., a worker may have been exposed to months of 
cumulative trauma in a non-union work environment that contributed to an overexertion injury 
following a peak exposure during union work). 
 
We were also unable to assign work-related injuries and hours of union work to a type of 
work site.  Because drywall installers work on both residential and commercial sites and because 
these sites likely vary in terms of work hazards, processes and complexity, this information would 
have been enlightening. We also lacked information on the type of project (e.g., new construction, 
renovation, demolition) and size of establishment in which the worker as employed – factors 
which may influence drywall installers’ work exposures and risk of injury [The Center for 
Construction Research and Training 2007]. 
 
We used our measure of time in the union as a way to stratify apprentices from 
journeymen.  However, we note that such stratification in this study was crude.  Carpenters may 
have entered the union with experience and already be at the journeyman level, but we 
(incorrectly) classified them in our analysis as an apprentice.  If we considered a contrast in rates 
between apprentices (defined as <4 years in the union) and journeymen (≥ 4 years in the union), 
such exposure misclassification would have biased the rate ratio comparing apprentices to 
journeymen toward the null. 
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WC systems may fail to capture the full burden of work-related injuries, due in part to 
under-reporting of such injuries by employees and/or employers.  The under-counting of injuries 
contributes to an incomplete picture of the true health of a group of workers.  For overexertion 
back injuries, this limitation was addressed, in part, through analyses of the private health 
insurance claims data. 
 
Finally, despite the utility of the administrative sources of data in assessing injury rates 
among a well-defined group of union carpenters, these data were not collected for the purpose of 
public health research.  Data cleaning, including that of the injury narrative text description data, 
was a significant part of preparation for epidemiologic analyses of these data.   Also, some of the 
administrative codes were fairly crude.  For example, the ANSI/OIICS codes used to define 
overexertion back injuries in Chapter 6 were based on information from the First Report of Injury, 
the form used by the employer to report a worker’s work-related injury to begin the claim process 
through workers’ compensation.  These codes are assigned at the time of that report and may not 
be representative of an ICD-9 diagnosis code by a medical provider.  To overcome this limitation, 
we sought to use medical claims for care related to a work-related event to capture additional 
injuries of interest. 
 
Strengths 
 
Specific aspects of the union carpenter cohort are particularly noteworthy in terms of 
achieving the goals of this study.   
 
The source cohort is comprised of carpentry workers involved in a variety of types of 
work defined at the level of the union local, including drywall installation.  Access to drywall 
workers for epidemiologic research is difficult.  The particular local specializing in drywall 
installation was robust for the proposed analyses and was well-classified over the 20-year study 
period.  These features are especially attractive, as they allowed for research aimed at 
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understanding the injury burden and calculating injury rates among this high-risk workgroup that 
is not captured or well-defined in commonly-used sources of occupational injury and illness data.   
 
Washington is one of a handful of US states that relies only on a state-run WC program.  
As such, WC claims data were available from one centralized source, the Washington State 
Department of Labor and Industries, rather than multiple carriers.  Furthermore, they capture first 
aid and medical-only claims in addition to claims which resulted in days away from work.   
 
WC claims are a commonly-used source of work-related injury data; however, defining 
the population of workers or person-time from which the cases arose is often complex.  Even in 
study populations in which an employee roster is available, studies may apply a set value of 
2,000 hours worked per year for each worker.  This value may be an overestimation of the time at 
risk, particularly in the construction industry.  The union carpenter source cohort used in this 
study contains a relatively well-defined denominator (i.e., number of hours worked per month by 
each individual in each union local), allowing for a more valid calculation of injury rates.   
 
Given the documented under-reporting of work-related injuries to WC, a strength of this 
study is the incorporation of health care utilization data.  Specifically, analyses focused on 
musculoskeletal back outcomes, for which under-reporting is of particular concern compared to a 
more acute injury event.   
 
The quantitative techniques were complemented with the collection and analysis of 
qualitative data to provide a more detailed understanding of injury event characteristics and the 
context from which the outcome data arose.   Injury narratives highlighted areas of concern not 
captured through ANSI/OIICS coded data alone.  Furthermore, interviews with trade experts with 
decades of experience in the field provided an understanding of the work drywall installers 
perform and changes in interior systems’ work and safety over time.  These interviews also 
provided an opportunity to support the Research to Practice focus of NIOSH through the 
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dissemination of research findings to those in the trade [NORA Construction Sector Council 
2008].   
 
Significance and public health impact 
 
This is the first known study to examine work-related injuries among drywall installers 
over this length of time (20 years) when known changes in the industry have occurred.  
Furthermore, this study is the first to examine patterns of injury in detail stratified by whether 
drywall material was a contributing factor in the injury event.  Drywall material was documented to 
be a contributing factor in a considerable proportion of work-related injury events among drywall 
installers.  Though not surprising, this finding is of concern given the increase in the size (and 
weight) of drywall material over time, as well as potential barriers to the use of recommended 
injury prevention approaches.  Many of the analytical components of this work were in line with 
research needs highlighted by the Construction Sector Council of the National Occupational 
Research Agenda in 2008 [NORA Construction Sector Council 2008], including trade-specific and 
mechanism-specific research needed to guide the development of targeted injury prevention 
approaches.   
 
There is concern that use of workers’ compensation claims data as the sole source of 
outcome data in a study – as is often the case in occupational injury epidemiology studies – may 
fail to provide a complete picture of the work-related injury experience among a group of workers.  
As called for by others [Koehoorn M, et al. 2006, Lipscomb HJ, et al. 2009a, Lipscomb HJ, et al. 
2009b], this research utilized an additional source of health outcome measures (i.e., private 
health insurance claims data), to provide a more complete picture of drywall installers’ health.  
Research-to-date focused on the use of health care services among construction industry 
workers is limited, and this is the first known study to look at the use of medical care covered 
through private health insurance among drywall installers.  This study adds to the growing 
evidence that care for a work-related injury may not be captured through the WC system, and it 
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supports the need for researchers to examine additional sources of health outcomes data.  
Although this research is focused on union drywall installers, such considerations may be 
applicable to other construction industry workers, including those in the non-union setting. 
 
In addition to providing needed surveillance of work-related injuries among drywall 
installers and describing risk factors for such injuries, this research suggests there are several 
considerations researchers should make when interpreting such data.  Specifically, changes in 
industry structure and practice, injury under-reporting and care-shifting must be considered; these 
changes have been recognized by the NIOSH Construction Program and its partners as 
emerging issues relevant to construction industry safety and health research [Gillen M and 
Gittleman JL 2010].  Although this research was not focused on the development, implementation 
or evaluation of injury prevention efforts, interviews with trade experts support the need for such 
efforts to consider the broad context in which any intervention would take place.   
 
Directions for Future Research 
 
This study points to several areas of needed research to continue to understand work-
related injuries among drywall installers and inform the development and evaluation of 
interventions to prevent such injuries.   
 
This research supports the need for the recent refinements to the injury coding process, 
and future research utilizing the new OIICS coding structure along with analyses of injury 
narratives may be fruitful in identifying additional areas in which improvements can be made.  An 
understanding of the influence of other factors not captured through the WC claims data is 
needed as well, including barriers to the use of recommended prevention approaches (e.g., 
NIOSH’s recommendations, injury prevention practices recommended during apprenticeship 
training) and potential hazards associated with the use of such approaches.  In addition to 
engineering and physical factors associated with the implementation and adoption of prevention 
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efforts, an understanding of the influence of work organization factors and psychosocial factors 
on both injury risk and reporting is needed as well.   
 
Drywall installation work – as with much other work in the construction industry – is fast-
paced work and workers frequently change projects and supervisors.  Although injury prevention 
may be informed by an understanding of biomechanical risks involved in drywall installers’ work 
tasks (and the ability of various assistive devices or new materials to reduce these risks), 
research aimed at developing, implementing and evaluating interventions should also consider 
the larger context in which construction work is done.  An understanding of the influence of broad 
trade and industry characteristics on injury risk and injury event reporting is needed, as well as 
challenges these characteristics may pose to the incorporation of any standard, recommendation 
or related training into drywall installers’ work practices. 
 
This cohort of union carpenters had access to private health insurance through the union, 
and our ability to use these data alongside WC claims was a strength of these analyses.  
However, work remains to understand patterns observed within each of these systems, 
particularly in light of bias that may be introduced from the healthy worker survivor effect, as well 
as patterns suggesting a lack of independence between these systems.  The union carpenters we 
studied may face lapses in their health care coverage during months in which they are unable to 
secure work.  Understanding patterns of coverage and use of health care services (including 
continuity of care for a particular condition) on worker health outcomes is warranted.  Also, with 
regard to care-seeking, we examined health care services as defined by a diagnosis indicative of 
a musculoskeletal back disorder.  We recognize a worker may seek care through the private 
health insurance system for a non-back-specific service related to a work-related back injury 
(e.g., for the use mental healthcare services [Brown JA, et al. 2006]).  Indirect costs to employers, 
injured workers and families (e.g., through production loss, employee wage loss, quality of life 
loss) [Boden LI, et al. 2001] should also be examined.   
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Our data included information on the number of paid lost work days associated with each 
work-related injury, and more detailed analyses based on number of paid lost days may be 
enlightening, particularly in light of some early analyses of this cohort suggesting increases over 
time in the average number of paid lost days per injury with any paid lost time [Schoenfisch AL 
and Lipscomb HJ 2012].  We lacked information on the number of restricted work days or 
informal time off to recover.  These data may be helpful to gain an insight into drywall installers’ 
post-injury recovery, return-to-work processes and risk of a recurrent work-related injury.   
 
Women make up a small proportion of construction industry overall, and particularly 
among drywall installers.  Although based on small numbers, it was unexpected that female 
drywall carpenters had lower rates of work related injury compared to males, in contrast to what 
has been observed in this study cohort of union carpenters as a whole.  Research aimed at 
understanding work-related exposures, injuries and care-seeking behavior among female 
construction workers, within and between construction trades, is needed. 
 
Various assistive devices and engineering designs have been developed to reduce the 
hazardous physical demands involved in drywall installation, including drill stands for ceiling work, 
dollies/carts to transport drywall, smaller drywall sheet size, drywall carrier handles, swivel-head 
screw guns and drywall lifts [Schneider S and Susi P 1994].  The prevalence of the use of these 
devices (and of recommendations such as those published by NIOSH) on commercial and 
residential worksites in the US has not yet been described.  Drywall installation is very fast paced 
work, and the time involved in use of an assistive device might be a barrier to use.  Other barriers 
include physical constraints of the work project itself.  For example, assistive devices such as 
drywall lifts might not fit into already-framed small rooms such as closets or bathrooms.   Even if 
assistive devices were used, their ability to prevent injury is not straightforward.  For example, a 
cart could be used to transport drywall sheets on a worksite, but sheets would still need to be 
loaded onto and unloaded from the device. Also, tools to assist with drywall carrying may place 
considerable physical demands on the shoulders and/or wrists during use [Hess JA, et al. 2010].  
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Two-worker carrying of drywall sheets may increase shear loads from asymmetric handling [Hess 
JA, et al. 2010, Marras WS, et al. 1999].  Evaluations of the efficacy and effectiveness of these 
various efforts at preventing injuries are needed and would be strengthened by an understanding 
of factors influencing their adoption into work practice.  
 
The use of narrower (and thus lighter) boards has been suggested and implemented in 
Sweden to reduce drywall installers’ risk of injury [Schneider S and Susi P 1994].  These sheets 
have been described as preferred by workers and associated with enhanced ease of handling, 
enhanced visibility during carrying, lower worker heart rate, less material waste and lower costs of 
injury [Lappalainen J, et al. 1998].  Of concern with the smaller boards was the potential for 
increased amounts of fastening, taping and finishing.  However, similar sizes would require 
considerable industry change in the US in terms of re-working the stud system to which drywall is 
attached.  Lighter-weight boards of currently-used sizes in the US are available on the market 
today.  The effects of the use of these lighter boards on worker productivity demands and the 
incidence of work-related injury have not been examined to our knowledge.  Building Information 
Modeling and a Prevention through Design approach might be particularly valuable in enhancing 
the safety of drywall installation work while addressing challenges inherent in the use of lighter 
weight boards [Behm M 2008, Ku K and Mills T 2010], such as compliance with fire-resistance 
standards.   
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APPENDIX A: 
 
Site visit tool 
 
 
Date: _______   Time observation start: _______ end: _______ Weather conditions: _________ 
 
 
 
Site description: 
_____________________________________________________________________ 
  (e.g., residential / commercial; new construction / remodeling) 
 
 
General characteristics of work site 
Outside grounds 
Housekeeping 
Objects from other workgroups stored on site 
Holes or other objects in floor (guarded, 
covered) 
Unguarded openings at height 
 
Work tasks: Type 
Unloading of materials 
Measuring/Cutting 
Drywall hanging (wall vs ceiling) 
Other work tasks (specify) 
 
Work tasks: Characteristics 
Co-worker assistance 
Materials used 
Assistive devices used 
Worker reaching to perform task 
Tasks performed overhead 
Work at height 
 
 
General characteristics of worker groups on 
site 
Number of workers on site 
Role of workers on site 
Task division 
Presence of other workgroups (yes/no, type of 
work) 
Changes in group composition over work day 
 
 
Assistive devices (type, number) 
Already available versus brought in 
Scaffolds, Ladders, Stilts, Benches 
 
 
Drywall material-related tasks 
Objective 
Frequency / Duration 
Drywall sheet size 
Work with others (number) 
Work at height (yes/no) 
Assistive devices/techniques used 
 
  
Welcome 
 
• I am a researcher with an interest in understanding work practices and work-related injuries over time as related to  
drywall installation.   
 
• I am involved in understanding work tasks and work-related injuries among drywall carpenters over time.  I would like to  
use this time as an opportunity to learn from you about drywall installation work and your perception of work safety now  
and over time.   
 
• This work is funded by the National Institute for Occupational Safety and Health.  I am not employed by or paid in any  
way by the union to study these issues, and issues we talk about today are to be used to provide me with a better  
understanding of the work engaged in by drywall carpenters.  
 
• I am recording this session because I cannot remember everything otherwise.  This meeting is confidential.  I am not  
interested in capturing your real name or identifying information about you, and I never report information with any names  
or identifying information attached. 
 
• Your participation in this interview is voluntary. You are not required to participate. If you do participate, you are not  
required to answer anything you do not feel comfortable answering. You may also stop the interview at any time. 
 
Sharing of research findings and solicitation of feedback  
 
Results to share include: 
 
• Rates of work-related injuries among carpenters over time (1989-2008), stratified by predominant type of work performed 
 
• Rates of work-related injuries with paid lost time among carpenters over time, stratified by predominant type of work 
      performed 
 
• Rates of work-related injuries among drywall carpenters by worker gender, age and years in the union, overall and  
stratified by mechanism 
 
• Proportion of work-related injuries among drywall carpenters by mechanism, nature and body part affected, and injury source 
 
Solicitation of feedback to aid in interpretation of results 
 
The guide which follows provides a framework from which to ask questions related to the research findings. 
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Interview
 guide 
 
  
 
Domain 
 
 
Questions 
 
Probes 
 
Participant 
characteristics 
 
To start out, I’d like to get a sense of your work experience in drywall carpentry.  
 
How long have you been involved in (or worked with workers involved in) drywall carpentry? 
 
Is your experience on worksites, in training facilities or both? 
 
(If worksites) Is your experience primarily on commercial or residential sites? (or both?) 
 
 
 
Description of 
a typical 
project  
 
 
I’d like to get a sense of a typical project as well as a typical day on site for a worker. 
 
Before a drywall installation project begins, what information is given to the worker in terms of:  
   The project time frame?    Timing of other work groups involved?     Materials to expect?   
   Assistive devices and tools available?    Job safety and PPE available? 
Is there information related to the project that workers would probably like to receive but do not?  
 
What major changes have there been, if any, to this process over time? 
 
Have you noticed variation over time in the number of drywall workers assigned to a given sized 
project?  
 
Have you noticed variation over time in the number of work groups on a given sized project?  
(This means drywall carpenters engaged in their work activities concurrently with activities other 
work groups, whether workers from these work groups are on site or not.) 
 
In terms of a typical day or perhaps few days on site, how are the days typically structured? 
How much of a day is structured by the manager versus the group of workers versus an 
individual worker? 
 
Are breaks taken at the same time by all workers on site?  If so, is this a function of the way 
tasks are done or camaraderie or some of both? 
 
 
 
 
 
Differences in commercial 
versus residential work 
 
Differences in new 
construction versus 
remodeling 
 
Time frame for similar sized 
projects 
 
 
 
 
 
(Provide list) 
Work tasks, division of tasks 
Meetings 
Safety checks 
Material delivery 
Length of day 
Breaks during the day 
Clean up  
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Task division 
 
When and how (by whom) are tasks divided among workers? 
(Hang ceilings, measure/cut big openings, lift, apply adhesive, screw, cut small openings) 
 
Are there differences in task assignment by worker: 
   Age?    Experience?    Gender?    Injured? 
 
I’m interested in understanding tasks performed by more than one worker, and we’ll talk more 
specifically about that in a moment.  Do drywall installers tend to have work 
partners/teammates?  If so, how are they assigned? 
 
 
Variation by residential 
versus commercial? 
 
Has this changed over time? 
(If so) Why? 
 
Has this changed over time? 
(If so) Why? 
 
Materials: 
Drywall sheets 
(Delivery and 
Stocking) 
 
 
I’d like to focus on materials and tools used in drywall installation, and I’d like to first begin by 
talking about drywall sheets.  These sheets have become larger and more varied in their 
application over time, and I’d like to know about how these changes have affected workers’ 
work practices.   
 
I’d like you to walk me through how drywall material is handled from even before it gets on site.     
   First, who decides on the size of sheets to be used for a given project? 
   How are sheets typically delivered on site?  And how often? 
 
How are sheets moved from the delivery vehicle to the building interior? 
    
How are sheets stored on the interior of the building? 
 
What are the most hazardous aspects of this process (delivery to interior)? 
   Contrast hazards to workers with hazards to drywall sheets (e.g., breaking) 
 
What assistive devices are typically used to move materials? 
   What are the barriers to the use of these devices? 
   What hazards are associated with the use of the devices? 
 
 
 
 
 
 
 
Variation by residential 
versus commercial? 
 
 
Has this changed over time? 
Why? 
 
 
Has this changed over time? 
Why? 
 
Availability? 
Ground surface? 
Physical demand to load? 
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Materials: 
Drywall sheets 
(Measuring 
and Cutting) 
 
 
I’d like to learn more about measuring and cutting tasks.  Is this task typically performed by one 
or a few set individuals (depending on project size), rather than all of the drywall carpenters?  If 
so, why are certain individuals chosen over others?  
 
What time demands are inherent in this process?  Are workers “waiting” for sheets to be 
measured/cut?  What is more of a priority, speed/accuracy or a clean cut?  
 
What do you perceive as the most significant changes to cutting/measuring tasks over time? 
 
In particular, are larger sheets more often cut into two large pieces to fit walls or doorways, 
when in the past two smaller boards may have been used? 
 
What are the most hazardous tasks related to drywall cutting? 
 
 
Does this vary by whether 
the drywall sheet is cut 
before or after it is hung? 
 
 
 
 
Influenced by increasing 
drywall sheet size? 
Influenced by home and 
building designs (e.g., 
curved doorway arch) 
Overhead work 
 
Materials: 
Drywall sheets 
(Carrying, 
Lifting) 
 
 
I’d like to talk some about the tasks of lifting and carrying drywall sheets once they are in the 
building and close to being hung.  How often is on-site delivery planned in a way to reduce 
carrying of materials within the building (e.g., delivery to a second – story room via boom truck)? 
And how does this vary by commercial versus residential? 
 
What are the preferred methods of carrying drywall material when it is carried by the workers 
themselves? 
   Two or three (or more?) workers? 
   What assistive devices do workers use to help carry sheets?  
 
   What are the barriers to use of such assistive devices? 
 
What are the physical risks to workers in use of such devices? 
 
What concerns do workers have about the material itself when carrying sheets?  How do these 
concerns affect how sheets are moved on site?     Does this vary by sheet size? 
    
What situations are particularly challenging in terms of transporting drywall sheets? 
What can be done to solve such problems?   
 
 
 
 
 
Never, sometimes, always 
 
 
Number of sheets at a time? 
And how much does this 
vary by sheet size? 
 
 
Availability, accessibility, 
time, physical demands to 
use, physical layout 
 
Bowing, breaking, chipping 
 
 
Small room, stairwell. 
Smaller sheet? Additional 
workers? Remove existing 
features (eg stair rail) 
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Materials: 
Drywall sheets 
(Lifting, 
Holding and 
Fastening) 
 
 
In addition to drywall nails and screws, adhesive can be used to attach drywall sheets.  How 
often is adhesive used?  Is it used more in residential or commercial work? 
Has its use changed over time? Why? 
 
Fastening work often requires work at elevation, and workers use a variety of devices to assist 
them.  I’d like to talk about some of these devices, which I’ve listed here (Show list) 
 
For each: 
 
What are the advantages of the use of ___ in hanging drywall?  Please describe the role of 
teammates/helpers when using ___. What are the barriers to use of ___?  What are the 
hazards? 
 
What are the most significant changes you’ve seen over time in drywall lifting tasks related to 
the use of larger sheet sizes?   
 
How often are gloves for lifting drywall sheets available/provided? Used?  
Has this changed over time? 
 
 
 
Always, Sometimes, Never 
 
 
 
List includes scaffolds, 
ladders, benches, stilts, 
buckets.  Need to probe for 
“other” 
 
 
 
 
 
 
 
Always, sometimes, never 
 
Impact of 
drywall 
installation on 
finishing tasks 
 
Drywall carpenters in WA State, like other areas of the US, do not tape or finish. But their work 
can impact the taping and finishing process.  Examples include the number and condition of 
seams, measuring/cutting quality, fastening location (e.g., close to edge around windows, doors, 
floor) and quality, and fastening type.  Are there other examples you can think of in which 
drywall installers’ work directly impacts work done by finishers?  
 
Do you perceive this is something installers think about when they are doing their work?  Is it 
discussed in school or on the job? 
 
Is consideration of finishing tasks more of a concern in commercial work or in residential work, 
or is it the same across projects?  Why? 
 
Have you seen changes over time in how consideration of finishing tasks is perceived? 
 
Are these two work groups ever overlapping in their work, or do the finishers come in only after 
the drywall sheets are installed? 
 
Provide task list 
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1-worker 
versus 
multiple-
workers: 
Tasks, 
Advantages, 
Risks 
 
 
Which tasks related to drywall material handling are always or almost always performed with 
more than one worker?  
   Why? 
 
 
 
 
For each task described: 
What is the advantage of having more than one worker? 
 
What are the disadvantages? 
 
What hazards do these workers face when working together? 
    
What role does communication play in task planning and performance?    
 
Does working together eliminate the need for particular assistive devices? 
 
Which tasks are always or nearly always performed alone? 
   For each, Does this task then require an assistive device? 
 
 
Has this changed over time? 
(Ask throughout this section) 
Lifting into place? 
Carrying drywall long 
distances?  
Carrying up stairs?  
During stocking of materials? 
Ceiling work? 
 
 
 
Walking backwards? 
Up/down stairs? 
 
“1-2-3 lift”?  Planned route of 
carrying? 
 
 
 
 
 
Construction 
site: 
Other work 
groups  
 
How do other trades on site affect your job safety?   
 
   Are there particular aspects of other trades that pose hazards to drywall carpenters? 
 
   Have there been changes over time in their effect and hazards? 
 
What approaches are taken to reduce hazards posed by other work groups? 
 
 
Not only workers but also 
their work projects and clean 
up issues. 
 
 
 
Probe specifics based on 
hazards noted 
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Construction 
site: 
Environmental 
hazards 
 
 
How does the weather play a role in the work demands drywall installers face? 
(includes extreme cold, heat, rain)? 
 
What other environmental conditions play a role? (darkness, noise, wet surface) 
 
What actions if any are taken to minimize risks associated with these hazards? 
 
 
(Probably not applicable for 
wood frame construction. 
Can probe.) 
 
Training 
 
 
How feasible is it to implement safety training guidance as learned in apprenticeship training on 
the worksite itself?   
 
Have there been changes to training over time to address increases in sheet size? How so?   
 
 
 
 
 
Work tasks, risks 
 
Hazardous 
tasks 
 
 
What task(s) is perceived as most hazardous by drywall carpenters?  Why? 
 
Do workers talk about tasks in terms of safety?  How so? 
 
Do workers discuss injuries among themselves? 
 
Are injuries perceived to be “just part of the job?” How can you tell? 
 
What steps do managers take to prevent worker injury from this task(s)? What steps do workers 
take?  
 
Do workers tend to know who is injured (for example, “so-and-so has a bad back”)? 
Are accommodations made or even possible for such workers (e.g., task assignment)? 
 
 
Provide list based on Pan et 
al (1999a) and include ‘other’ 
category 
 
 
 
 
 
 
 
 
By management? By co-
workers? 
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Injury 
reporting, care 
seeking and 
impact 
 
 
What kinds of injuries are always reported? 
 
What kinds of injuries are rarely reported? Why? 
 
What type of management support follows report of an injury event? 
 
Are there incentives for no or few injuries? 
 
Is return to work on restricted duty or light duty feasible in this line of work? 
 
Some workers may seek care through their private health insurance for a work-related injury.  
What advantages are there to a worker seeking care through their private health insurance 
rather than through workers’ compensation?  Disadvantages? 
 
What impact of work-related injury – even one deemed to be minor -- have you observed or 
heard about on a worker’s non-work life, if any?   
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Page 2 
 
 
 
Study title: The injury experience of union drywall carpenters in Washington State: 1989-2008 
Study purpose: To describe the incidence of 
and circumstances surrounding work-related 
injuries among drywall installers 
 
Contact: Ashley Schoenfisch, MSPH 
Division of Occupational & Environmental Medicine
Duke University Medical Center  
(919) 684-8319        ashley.schoenfisch@duke.edu 
 
 
 
Preliminary results (as of April 2012), continued 
 
Among drywall carpenters, patterns in rates of work-related injury varied by worker age and time 
in the union, as well as by whether the injury was related to drywall material: 
 
Struck by/against injuries 
 
• For injuries related to drywall material and injuries related to other sources, rates were 
higher among younger workers and among less tenured workers.  
 
Fall-related injuries 
 
• For injuries related to drywall material, workers with 10+ years in the union had lower 
rates of injury than workers with fewer years in the union. 
 
• For injuries related to other sources, no difference was observed in injury rates by time in 
the union. 
 
• There was little difference in rates of fall-related injuries by age. 
 
Overexertion injuries 
 
• For injuries related to drywall material and injuries related to other sources, overexertion 
injury rates were highest among middle-aged workers compared to their younger and 
older working counterparts.  
 
• Compared to workers with <4 years or 10+ years in the union, workers with 4 to 10 years 
in the union had higher rates of overexertion injuries related to drywall material but lower 
rates of overexertion injuries related to other sources. 
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